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HE HISTORY OF SCIENCE is the history 

of measurement. The enormous strides made 

in the last three centuries in astronomy, phys- 

ies, and chemistry can be directly traced to 

he ability to measure and compare forms of inert 

matter with precision and consistency. The balance, 

he scale, the clock, and their countless derivatives 

vere the major source of facts upon which the inert 
sciences were nurtured. 

Today increasing emphasis is being placed upon the 


study of living phenomena. But here an imposing 


parrier to progress exists: The measuring techniques 


which are the foundation of the inert sciences are not 
onvenient for the measurement of living phenomena. 
The mass and dimensions of a rock, for instance, may 
emain remarkably constant from day to day, and 
rear to year, whereas the mass and dimensions of a 
iving thing, because of the growth and death process, 
ood consumption, and other factors, are inherently 
Furthermore, these properties 
annot be as precisely defined for living things as for 
ert things. For example: What are the character- 
In interspecies com- 


variable with time. 


tie dimensions of an amoeba? 
parisons of mass, how are hair, bones, horns, hoofs, 
bails, ete. to be considered? Is the height of an ani- 
mal the distance from top of shoulder—or head— 
bove ground, or the distance from end of tail to tip 
fnose—or horn? Thus, uncertainty and variability 
n the mass and dimensions-of living things vitiate the 
ceuracy of their measurement, no matter how pre- 
isely obtained, and serve to preclude the application 
f the mass-length-time system to living phenomena. 
{ this barrier were removed, i.e., if a universal meas- 
iting rod were made available for the biological sci- 
nees that could form the basis of a system of meas- 
Tement similar to the mass-length-time system in the 


Physical sciences, then immeasurable benefits could be 


xpected. 

There are two universal properties of living things 
pon Which such a measuring rod could be based. 
inst; every living thing absorbs and expends energy 
troughont its life span. Second, every living thing 
48 a finite life span. These properties are common 
0 all living substances from the single cell! to the 
‘The life span of a cell may be defined as the interval from 


rth to m ‘osis, for no active cell exists indefinitely without 
some form of division. 


largest animal. The desideratum is therefore a meas- 
urement which quantitatively. unites these two proper- 
ties, contains no other components, and is capable of 
being precisely determined. 

Since the units of these properties are respectively 
energy and time, the physical eoncept of action sug- 
gests itself, for action is the product of energy and 
time. This choice is not adventitious, because action 
is one of the most important properties of inert 
matter. The macroscopic properties of inert things— 
gravitation, electromagnetic propagation, and mechan- 
ics—have been summed up in a single law, the Prin- 
ciple of Least Action; with the exception of entropy, 
action is the only invariant property that has survived 
the relativity theory; the curvature of space-time is 
determined by the action existing at each point in the 
universe; and finally, the most important quantity mm 
atomie physics is a quantum of action—Planck’s con- 
stant, h. Nature’s emphasis on aetion strongly sug- 
gests it aS a universal quantitative measure of life. 


CALCULATION OF LIVING ACTION 


Action is defined as the time integral of energy. 
Expressed mathematieally it is 


A=f'U dt, (1) 


where U represents energy, T time interval, and A 
action. It has been shown by Rubner (34) and by 
Atwater and Benedict (3) that the Law of Conserva- 
tion of Energy holds for living things to within 1 per- 
eent. Since the life span of a living thing can be 
measured very precisely, to within a fraction of 1 per- 
cent, its total action can be accurately determined by 
equation 1. 

The energy expenditure of living things oceurs at a 
finite rate, and it is this rate that is experimentally 
measured. Since 

aU /dt = P, (2) 
where P is power, equation 1 may be more con 
veniently expressed by 


A= ff7P dt?. (3) 

Many forms of living power, such as input, output, 
loss, growth, and museular power may be substituted 
for P, and each determines a corresponding form of 
living action. It is beyond the scope of this article 


to investigate all the power and action characteristics ; 
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the purpose here is merely to introduce an experi- 
mental basis for the application of action to the study 
Caleulations based on basal metabo- 
lism will serve to illustrate the technique and permit 
a preliminary investigation into the nature of the 
Basal metabolism is espe- 
cially suited for this purpose since it is easily and 
accurately measured, fairly constant, and one of the 
most important physiological properties of life (5), 
and considerable data are already available. 

The generally accepted definition of basal metabo- 
lism is used in this report—namely, the basal (stand- 
ard minimum) energy consumed by the living thing 
per unit of time per unit of body surface area. Basal 
power is therefore the basal (standard minimum) 
energy consumed per unit of time. If basal power is 
represented by P, and basal metabolism by M, then 

P,=MS, (4) 
where S is body surface area. This definition of basal 
power is generally synonymous with the term total 
basal metabolism in the literature. 

For small animals it is feasible to make direct 
measurements from birth to death to 
determine the individual’s power characteristic. For 
large animals, and especially man, this method is im- 
practical. An alternative is to determine the average 
characteristics of the species by means of a eross-see- 


of living matter. 


variation of living action. 


metabolism 


— 


tion survey. The basal action of an individual 
then be determined if the deviations of its life gp 
and basal power from the average are known. 

A study of basal metabolism well suited for t,, 
calculation of basal action is that made on America, 
by Boothby, Berkson, and Dunn (9). Only bay 
metabolism values, M, were reported, however, so thy 
it is necessary to know the surface area characteristip 
of the average individual to obtain the desired has) 
power characteristic, P,. This is tantamount to ob. 
taining the weights and heights of the average mj 
and female American, since the surface area used }y 
Boothby et al. was ecaleulated from the DuBois ayj 
DuBois formula: 

S = .007184 W485 J70.735, (5 
where W is the nude body weight in kilograms, H ; 
the unshod standing height in centimeters, and § is i: 
square meters. 

Values of average weight, height, and basal metaby. 
lism for all ages are listed in Table 1, along with tl 
ealeulated surface area, basal power, basal energy, 
and basal action. The results are shown graphical) 
in Figs. 1-3. 

The gap from 0 to 6 years in the report by Booth) 
et al. is supplemented by results from Benedict ani 
Talbot (6). The latter report, one of the most con. 
plete for the infant period, is consistently low (6, 3°), 


TABLE 1 


BASAL ACTION OF THE AVERAGE WHITE AMERICAN 








Height. 
unshod 
cm m? 


Male Feniale Male 


Weight, 
nude 
kx 
Male Female 


Surface 
area 


Exact 
age, 
yrs 


Female 


Bas. met.* 
Cal/m?/hr 


Male Female 


Basal action 
g-cal-Yr x 10 


Basal energy 
g-cal x 10° 


Basal power 
Cal/day 


Male Female Male Female Male Femal 











0.514 
0.625 
0.731 
0.840 
0.951 
1.067 
1.182 
1.301 
1.450 
1.607 
1.733 
1.790 
1.804 
1.814 
1.821 
1.844 
1.864 
1.881 
1.893 
1.902 
1.905 
1.904 
1.903 
1,903 
1.902 


0.483 
0.617 
0.724 
0.8°2 
0.941 
1.061 
1.190 
1.341 
1.480 
1.555 
1.588 
1.599 
1.605 
1.611 
1.617 
1.634 
1.650 
1.668 
1.685 
1.700 
1.709 
1.709 
1.701 
1.694 
1.686 


54.5 


os 
90 


64.6 


— 
o~ 
— 
wt 


66.8 
67.4 
69.3 
71.3 
72.8 
73.9 
74.8 
75.1 
75.0 
74.9 
74.8 


9 to 
~ i 
ao 


PNA A 
or cr 


“i lo 
i) a: | 


* - 
ol 


62.1 
63.6 
64.9 
65.7 
65.7 
65.1 
64.3 


crore 


Clem POO NW It 


SS st 
~] to 
a> | 


| 


~~] 
to 
ct 


57. 729 661 0.15 0,16 


0.68 


964 89!) 2.34 


1194 1095 7.71 


1362 1305 16.99 


1618 1509 30.79 


1891 1471 49.91 46.5 


1829 1410 75.13 69.15 


106.37 96,43 


1790 1400 


1760 1418 952.79 220.7" 


1728 1437 461.68 396.5" 


1678 1394 784.16 624.64 


1621 1337 1067.91 9005.5" 


ony 4 
1564 1299 {281 


1460.85 





* After Benedict and Talbot (6) (0-5.5 yr) 


and Boothby, et al. 


(9) (6.5-74.5 yr). 


- XG <4 SSO At f/m 
o 


ADM 6 FABOL/ SAF 


Basaé 
& 





September 9, 1949, Vol, ) MimSe 


| ae 











‘ol 11 September 9, 1949, Vol. 110 


—_ 






64 2? yes 







































Lal cay pe 
Span is 
ee ee 
Or the ange ae 
eri walls 
y bas © 4 jj zo 
SO thai y 
teristi: i - / 7 
t WA . 
d basal filme ° i eo S 
> 32 ———__——. Malrs ly 
to chimes |‘ ait x 
Cath = ene SMALLS 
re Male Mie » ff 
. / 
ised by HR? es 
Dis ant of 40 
(5 
E£xacr Ace YRS 
is, H is 6 24 32 o 
S ic 
‘ibe Fic. 1. Weight and height of average white American. 
metabo.fmmso that a correction factor has been applied. This 
vith the™™mfactor for males and females is given in Table 2. 
eneryy, Eleven sources of average weights and heights (/, 
phically M2, 4, 7, 10, 16, 18, 22, 31, 36, 38), earefully chosen 
4% a 
r j a, M ates ——— 
Zoothb | aie . ae 
fiet and | —_f§——————>= ——_ 
st con-m Pe ec Sia ey 
* 
9: t 
(6, 32) MBS 8 
: ; 
2 x 
3 | ‘3 
4 “42x 
. YY | & 
, | ii | ¥ 
| | ee 
, 2 j— = - = 
action 32 mi a ie rw 
¥ 10 x 2 ————_——— a 
ex 0 : B.M. ? 
{ » 
Fema ™ 
&g 





0,16 





Basaé 
Ss 
M 











| 
Mac? Age - ves 
o 78 24 2 40 








Fie, 2. Surface area and basal metabolism of average 
White American. 












46° Bitrom the literature, provide the basis for the weight 
69.18 fe"d height characteristics. These studies, which were 
a wr for anthropometric accuracy, period in which 

re research was carried out, and type and number of 
920.1) MMubjects, fall naturally into two age groups: preadult 
ba and adult. 

The preadult group is composed of five sets of aver- 
624" Baazes from diverse sections of the United States (1, 10, 
903.58 6, 18, 22, 31 ). The agreement among the sources is 
ig 800d. For the adult period, statisties available for 





his study are those of the Medico-actuarial mortality 
mestigation. Although collected prior to 1910, these 
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Fic. 3. Basal power, basal energy, and basal action of 
average white American. 


insurance statistics give a reliable variation of adult 
weight and height with age which, it is assumed, is 
essentially similar for all generations. The adult and 
preadult weight curves fit smoothly because the im 
surance statistics were obtained with subjects clothed. 
thus counterbalaneing the increased weight of the 
The eurves of Weisse (36) and 
the 1924 U. S. Army Officers examination (7) verify 


modern generation. 


the shape of the adult weight-age curves. Adult 
height is assumed constant after maturation. This i- 


confirmed by existing studies when allowance is made 
for their cross-sectional nature. 


TABLE 2 
CORRECTION FACTOR FOR DETERMINING BASAL METABOLISM 
OF CHILDREN 











Basal metabolism Ratio 
Cal/m?/hr other 
Exact investigators : 
age yr Benedict Other Benedict 
and investigators ;: and 
Talbot _—— * ‘Talbot 
Females 
3.25 44.7* 53.7® 1.201 
3.75 39.8* 53.8* 1.351 
4.25 42.8* 51.7* 1.209 
6.50 41.0 50.57 1.231 
7.50 40.5t 48.57 1.198 
RVR a eRe a re kk a ee wee cua 1.238 
Males 
3.36 47.8t 55.7* 1.166 
3.79 47.3t 54.7* 1.158 
4.14 46.7f 57.4* 1.229 
6.50 44.4f 53.07 1.193 
7.50 43.7 52.4f 1.199 
BOT oss a ces 4 eos ss chee 1.189 





* After Robb (32). 
+ After Boothby et al. (9). 
t Interpolated from curves of Benedict and Talbot (é). 
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The surface area characteristics are given by equa- 
tion 5 and the basal power characteristics by equation 
4. The basal power peaks at 17 and 14 years for the 
male and female respectively are due to a combination 
of high basal metabolism and rapid increase in size 
(surface area) in adolescence. The secondary peak 
in average female basal power at age 44 is undoubt- 
edly connected with the menopause. 

Integration of the power eurves yields the energy 
curves; integration of energy yields the action curves. 
The integrations were accomplished by arithmetic 
summation of small age increments, the increment 
being one year to age 26, and two years past age 26. 

The latest available life expectancy figures show 
male life expectancy for 1946 to be 65.1 years and 
female 70.3 years (37). Interpolating from the corre- 
sponding action data gives 1164.7 x 10° gram-calorie- 
years for the basal action of the average American 
male and 1154.1 x 10° gram-ealorie-years for the aver- 
age American female. The mean is 1159 x 10° gram- 
ealorie-years, or 1.53 x 10°" erg-seconds. 


INVARIANCE OF BASAL ACTION 

Although this investigation demonstrates the caleu- 
lability of living action, it gives no direct information 
on variation within the species. This variation is im- 
portant, for the less it is, the more useful action will 
be as a quantitative tool. Pending direct experi- 
mentation, an insight into the nature of this variation 
may be obtained from a comparison of male and 
female basal actions. 

If the life span of each individual is so related to 
its basal power that action is constant, i.e., so that 
equation 3 produces the same value for all members 
of the species, then variation in action would be zero 
and independent of the variations in P, and T. On 
the other hand, if there is no correlation between P, 
and 7’, then, since action is effectively power multi- 
plied by life span, the variation in action, measured 
in terms of its standard deviation, g,, would be of the 
order of \/ap*+o7*. In this case g, is not zero and 
is greater than the standard deviation in P, or T. 
The correlation between P, and T may therefore serve 
as a measure of the invariance in action. 

For zero variation in action, T and P, must be in- 
versely related in a manner determined by equation 3. 
Thus, an inverse relation between life span and power 
consumption is a sign of relative invariance in action, 
and the more this inverse relation approaches the one 
which produces constant action, the more invariant 
action becomes. 

The greater male power consumption, approxi- 
mately 15 percent, and the lower longevity, 7.68 per- 
cent, compared to females shows an inverse depend- 
ence of JT upon P,, at least for sex. The sex differ- 


ee 


ence in action, on the other hand, is only 0.91 pereent, 
or 8.4 and 16 times less than the sex difference in |if, 
span and basal power respectively. However, befor 
considering the significance of this it is first necessary 
to make sure that the near equality of male and female 
basal actions is not a chance phenomenon but a re! 
and significant result of the caleulation. 


NS 


RPEQUIRED FOR EQUAL 
MALE AND FEMALE 
BASAL ACTION. 


We Q 


Sex Dirrerence in Lire ExPecrancy- ves 
=. 








20 40 60 & 
Lire Expecrancy of Sexes ComaBin€D- yes 


Fic. 4. Sex difference in life expectancy vs. life expect: 
ancy for average white American. 


First, the reliability of the sex difference is greater 
than that of the actual values of basal action. Paralle! 
studies of male and female metabolism, weight, and 
height were used throughout, so that inaccuracies due 
to the combination of different sources of data tend 
to cancel out in the sex difference. Thus the aceuracy 
of the sex difference is not materially affected by 
errors introduced by the piecemeal method of calev- 
lation. 

Second, the choice of life expectancy data is not 
critical. Both life span and size of the average Amer- 
ican have increased in the last few decades. The 10- 
crease in size is small and may be neglected here, but 
the increase in life span is appreciable. Its effect 
on the action sex difference is shown in Fig. 4. The 
solid line is obtained by assuming a value of action 
and determining from the curves of Fig. 3 the corte 
sponding male and female life spans. The sex dif: 
ference in life span is then plotted against the averagt 
of the two. The broken line gives the actual sex dif- 
ference in life expectaney vs. average of male and 
female life expectancy for 1920 to 1946 (//, 37). 
This shows that as average man approaches the pole” 
tial life span of the species, i.e., that given by the life 
eurve of old persons, the condition for equal male a 
female actions is also being approached. That there 
is a natural limit to the potential span of life 's clear! 
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a al 


‘ndicated by life expectaney figures, for there has been 


rent, 
0 life ME yo significant change in the life expectancy of old 


vefore persons in the last half-century although average life 
ssary [expectancy has increased about twenty years (24). 
emale ME Furthermore, this natural limit has almost been at- 
A real MMained by the 1946 group. The use of the 1946 life 


expectancy values is thus justifiable. 
Third, the first or third integral of power may also 
have a significantly low sex difference as well as the 
/ weond integral. Emphasis on action would then be 
ywarranted, despite the philosophical arguments in 
its favor. Actually, the values for the first integral 
of power (basal energy) for the 1946 group are 37.80 
and 34.49 x 10° gram-ealories for the male and female 
respectively, giving a sex difference of 9.16 percent. 












Similarly, ealeulation of the third integral of power 
(integral of action) yields a sex difference of 8.71 
These values, which are 10 and 9.6 times the 
action sex difference respectively are not small enough 


6 


percent. 


to be considered. 
It is unlikely, then, that the near equality of aver- 


we male and female action ean be attributed to 


fortuitous circumstances. This poses the intriguing 
am. possibility that the inverse relation between average 

wale and female power and life span is such that 
expect- 


action is invariant within narrow limits. Although 


direct quantitative data of the kind required to gen- 







rreaterfmmctalize this hypothesis appear to be lacking at present, 
arallel fg 1s nevertheless possible to confirm the existence of 






it, anime general inverse relation between power and life 
ies dueqmmspan Which supports invariance of action for other 
a tendMm™epeces and conditions. For purposes of analysis, 





variation in power consumption is considered with 





euracy 
ted by 
ealeu- 





respect to five factors: sex, race, climate, magnitude 





pi power consumption, and shape of power character- 





istic. The effect of these upon life span is sum- 
marized as follows: 


~y 


. Sex, 






is not 
Amer- 
[he in- 
re, but 
; effect 
1, The 
action 
» corre- 








A. In a series of experiments on Daphnia magna, 
MacArthur and Baillie found that the metabolic 
tile as measured by heart beat is higher and life span 
ower for the male, while the product of the two is 
proximately the same for both sexes (19). 

B. Landauer and Landauer (17) studied the higher 














ex dif- hortality rate of male chicks and reported that “There 
average ample evidence for the conclusion that the higher 
sex dif labolic rate of males [of all species] is not com- 





ale and 
4, 37): 
» poten 
the life 
ale and 
it there 
clear} 


Pusated by a different organization of the organism, 
Mit is act ually brought about by a more rapid or more 
‘ntinuous functioning of the organs and cells of the 
pale body... . It appears that there are no observa- 
Nous which are inconsistent with [this] assumption.” 
C Basal power of male rats is greater than that 
nf (11) whose life span is greater (27). 













lemales 








D. Male life span has been reported shorter for 
Drosophila melanogaster (26) and others (20), and 
male basal power greater for swine, cattle and sheep 
(11), and others (20). 


Il. Race. 

A. The wild strain of Drosophila normally has a 
life span three times as long as the vestigial strain. 
Pear! controlled the environment of 3,632 flies of both 
types by administering no food after birth (30), and 
found that under the equivalent conditions, the ves- 
tigial strain, which is smaller than the wild type, lived 
slightly longer. 

B. In man racial and national differences in metab- 
olism exist, but life span data are not equivalent ex- 
cept when two or more races, nations, or peoples exist 
side by side under the same conditions. The Jews, 
for instance, are one of the smallest peoples (13) and 
hence have a low basal power, but are also noted for 
their longevity (33). 

III. Climate. 

A. MacArthur and Baillie found that temperature 
had a profound effect on the length of life of Daphnia 
magna (19). 
increased over four times for both sexes by a 20° C 


The mean life span-of both sexes was 


decrease in environmental temperature. 
B. In cold-blooded 


mental temperature increases both metabolic rate and 


animals inerease of environ- 


rate of senescence (12). 


The com- 
ponents of basal power, surface area (size), 


IV. Magnitude of Power Consumption. 


and basal metabolism may each independently 
affeet life span. 
A. Effect of size. 

1. Life insurance companies have carefully 
studied the relation of size to life span for many 
deeades. One reports (39): “Studies show that body 
girth and length of life vary inversely with each other. 
... Overweight is distinetly detrimental to health and 
tends to shorten life.” 

2. The majority of centenarians are small in 
size and are frugal eaters (33). 

B. Effect of Physieal 
factors may affect basal metabolism. 

1. Physical exertion. 

a) Slonaker found that voluntary exer- 
cise in albino rats deereased the life span 18.8 pereent 
compared to a control group that was given no facili- 
ties for exercise (35). 

b) In an exhaustive study, Pearl dis- 
covered that continued hard labor reduces the life 
span after the age of 40, but not before (27). Since 
his subjects were insured persons who had been in 
their respective occupations most of their lives, those 


metabolism. and psyehie 
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in hard-working occupations always had an above- 
normal power consumption, and hence used up their 
supply of action at an early age. It is interesting 
to note that, since deaths of healthy but hard-working 
persons begin to occur at the age of 40 and not before, 
as Pear! found, then the maximum sustained physical 
exertion that normal man ean tolerate over a long 
period of time increases power consumption to such 
an extent that the normal value of action, and con- 

sequent death, are attained soon after the age of 40. 

Any greater exertion would presumably incapacitate 

the worker early in his eareer and prevent further 

labor at this extreme rate. 
2. Psychological factors affect basal metabo- 
lism through the reaction of the endocrine system. 

a) Pearl, in a study of more than 2,000 
individuals who lived to the age of 90 or more (25), 
was able to find only one significant trait among them, 
outside of their longevity, wherein the group differed 
from the rest of mankind as a whole: their calm 
mental make-up. They all were possessed of a placid 
temperament, were relaxed, and were rarely worried. 

b) Brody points out that mental factors 
causing insecurity and tension shorten the duration 
of life in many ways (12). 

ce) Married persons live considerably 
longer than unmarried persons (8). The security 
and regularity of wedded life probably reduce the 
tension and imsecurity that more often accompany 
the single state, as psychoanalysts and sexologists 
assert, with a consequent increase in life span of the 
average married person. 

d) Urban dwellers have a much lower 
life expectancy than rural people, although the gap 
is gradually decreasing (15). An explanation of this 
difference may lie in the greater excitement and un- 
certainty of city life, a major sociophysiological dif- 
ference between rural and urban life. The fact that 
newspapers, rapid transport, movies, and the radio 
are gradually bringing the tension and competitiveness 
of modern life to rural regions probably accounts for 
the lessening of the gap. 

C. For single cells, it is a well-known cytological 
‘fact that, in general, increase in food consumption 
of cells produces a decrease in life span (interval 
between successive mitoses), and vice versa. 

V. Shape of the Power Characteristic. Since action 
is the double integral of power, variations in 
the power characteristic in early life, owing 
to retarded or accelerated growth, for instance, 
must have a large effect on the life span if 
action is constant. 

A. McCay and Crowell retarded the growth of rats, 
using a normal balanced diet but a limited calorific 


ae 


intake until maximum growth was attained (21), 4, 
a result, the life span of the group increased consider. 
ably with respect to a control group. Males benefite; 
more than females, probably because male power ¢o. 
sumption decreased more from its norm. 

B. In the same article, MeCay and Crowell repor 
the results of experiments on brook trout whose ray 
of growth was restricted by limitation of their protei, 
intake to a very low level. As a result, the life spay 
of the trout increased to twice its normal value. 

C. Northrop (23) has shown that the life span o; 
fruit flies depends upon the rate of growth (lengt) 
of time in the egg-larval-pupal period). 

D. In experiments on cantaloupe seedlings, Peay 
and his associates found the duration of life to be 
inversely proportional to the rate of energy expendi. 
ture during the growth of the seedlings (28). 

K. Besides variations in rate of growth, there nu 
be alterations in the shape of the power characteristic 
caused by prolonged illness. Generally, illness eause: 
a reduction in activity, food intake, and weight, thu 
bringing basal power to a lower level. Pearl, in his 
study of the long-lived, found an abnormally larg: 
number who had been ill for a long period (29). 
Morbidity and mortality are totally different phe. 
nomena, and are often inversely related. 

The primary requirement of any measuring rod \: 
that it must be accurately obtainable. There are « 
least three major methods of determining the power 
properties of living things: by controlling or meas 
uring the calorific intake, by obtaining the heat ou: 
put, and by analyzing the respiration. Al] thre 
methods are well known, and with careful application 
are amenable to very accurate evaluation, comparable 
to that obtained in the physical sciences. Whe 
power is combined with life span to form action, the 
resultant is still accurate, since life span can 
measured precisely. 

Either indirect (cross-sectional) methods, where ‘ 
large number of subjects are studied in a short period. 
or direct (longitudinal) methods, where the same 1- 
dividual is followed throughout his life span, may 
used. The choice depends largely upon the life spa! 
of the species being studied. Plants, insects, 1! 
small animals may be readily followed from birth 
death, under conditions which simulate the natural 
environment of the species, by confining one % * 
specified number to a calorimeter or airtight chambe 
or by administering a measured diet. With long’ 
lived species this becomes impracticable and the !” 
direct cross-sectional technique must be pesorted '0. 
Cells, which should make very convenient subjet" 
because of their short life span, may be readil studied 
direetly under the microscope, or by the cross ectional 
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technique in witro. A whole series of indirect experi- 


ments which quantitatively measure the relation be- 


tween power and longevity is also possible, such as 
those based on the starvation and seedling experiments 
of Pearl, exercise tests of Slonaker, and rate of growth 
tests after Northrop, and McCay and Crowell. In 
sum, experimental possibilities for measuring living 
action are diverse, and cover the entire range of living 
phenomena. 

The applicability of action to all forms of living 
matter suggests its use as the basis of a precise taxo- 
nomie scale, for the species may be arranged in as- 
eending order according to their action values. At 
first this may seem ambiguous, since the elephant, 
which has a greater power consumption than man 
but a comparable life span, would be higher on the 
scale. The complexity of the nervous system, how- 
ever, appears to be the most important factor in 
evolution, so that nerve action (or cerebral action) 
based upon the power consumed by the nervous system 
(or cerebrum) may be the most desirable action prop- 
erty for expressing the phylogeny of the species. It 
should be feasible to study evolution as a function 
of the characteristic nerve or cerebral action of each 
species. 

The flexibility of living action is an important 
feature from an experimental point of view. Biolo- 
gists and physiologists often have to deal with certain 
portions, rather than the whole, of the living thing. 
Since each cell may be represented by a finite action, 
any group of cells may also be represented by a 
nite action. This enables the experimenter to deter- 
wine the aetion associated with any portion of the 
body, such as heart, eye, reticulo-endothelial system, 
or glands, which may also be extended to determining 
the intensity of a disease, caleulating the action asso- 
cated with tumors, cancers, and other abnormal con- 
ditions, and even to measuring the magnitude of epi- 
lemies oeeurring in the species as a whole. 

The different forms of action also have special sig- 
nificance. Basal action is based upon the minimum 
power consumption required just to maintain life and 
therefore is probably related to the basie processes of 
species organization; output action, based upon power 
output, represents the “action” of the individual on 
the universe, and therefore has physiological signifi- 
“ance When viewed with respect to museular work, and 
‘oclal sivnifieanee when regarded in terms of the work 
performed; total aetion measures the amount of 
“uergy-t:me absorbed from the outside world and is 
onsequently indieative of the “action” of the uni- 
‘erse on the individual; nerve and cerebral actions, 
‘s mentioned, are associated with evolution; loss ae- 
on, Obl \ined from internal power losses of the body, 





are probably connected with senescence and death; 
growth action, based upon power expended for 
growth, should yield information pertinent to the 
study of pediatrics, child development, and hus- 
bandry; and so on. 

Because of the predominant role of the nervous 
system in living things, nerve action has interesting 
possibilities as a measure of mental and nervous phe- 
nomena. It is significant that the reaction of a neuron 
to a stimulus is of the nature of a constant of action, 
generally measured as an action potential. Unlike 
most other types of body cells, nerve cells that die 
are irreplaceable. If the inherent action of neurons 
is fixed, then the life span of each nerve cell is de- 
pendent upon the number of times it is stimulated. 
The death of critical nerve cells may thus precipitate 
senescence and ultimately lead to death. Which cells 
are the critical ones, and how their action may be 
extended, are subjects warranting investigation. 

Nerve or cerebral action may also be used as a psy- 
chological tool. Associations and motor patterns are 
created by a finite system of nerve cells, as corrobo- 
The 
energy-time relation for the creation of these pat- 
terns and associations may therefore be represented 


rated by the existence of the learning curve. 


by a finite quantity of action, so that mental phe- 
nomena, such as the formation of a neurosis or psy- 
chosis, memorization, habits, and learning, may be 
assigned a definite magnitude. This magnitude ean 
be measured, since it is dependent upon the quantity 
of external action producing the stimuli. The cerebral 
action associated with the learning of a maze by a rat, 
for instance, is dependent in part upon the energy 
and time the rat spends in the maze. 

It is evident that the mere ealeulability of action 
permits many applications, regardless of variation 
within the species. It is also evident, however, that 
if living action proves to be relatively invariant its 
All character- 
isties of life have some variation, and it is very un- 
likely that there is no variation whatever in living 
The evidence is admittedly inconclusive, but 
the near equality of average male and female basal 
actions and the existence of a general inverse relation 
between power and life span point to a relative in- 
variance at least for basal and total aetions. These 
findings indicate that the combination of power and 
life span to produce action is not factitious, and may 


usefulness will be greatly enhanced. 


action. 


have a natural origin. 
Constancy of basal or total action affords a means 
for predicting life span. This technique is not en- 


tirely novel; insurance companies have been using it 
indirectly for some time in correlating size and lon- 
gevity. It is also a common observation that the rate 
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of living is inversely proportional to life span, as 
Rubner, Pearl, Brody, and other scientific investi- 
gators have realized for some time. But the pos- 
sibility that action is the determinant may lead to 
more refined predictions. In this context, constancy 


ee 


of action would mean that a gain in longevity at i, 
expense of power consumption is not real gain, by 
only a relative one, and that efforts to extend ty 
existence of a living thing should be directed towg,; 
increasing its total action. 
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Six related nicotinium compounds have been found to 
possess growth-regulating properties when tested on bean 
plants. These include: parachlorobenzylnicotinium chlo- 
ride, 2,4-dichlorobenzylnicotinium chloride, 3,4-dichloro- 
benzylnicotinium chloride, orthochlorobenzylnicotinium 
thiocyanate, benzylnicotinium bromide, and orthochloro- 
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Li. PAPER we 


benzylnicotinium bromide. Applied to bean plants, thew 
compounds brought about a reduction in stem elongatio 
without typical gall formation or other form change 
commonly observed in the use of ether plant growth-reg? 
lating chemicals. The compounds were systemic in effet 
when applied to stems. ' The effeets were expressed by ik 
luminated plants as well as by others grown in darknes 

2,4-Dichlorobenzylnicotinium chloride (2,4-DNCl) ™ 
the most effective, } mg per plant greatly inhibiting elo 
gation of plants grown in darkness and to a lesser degt 
the elongation of illuminated ones. 

To test the effect of 2,4-DNCI on plants subjected " 
darkness, potted snap bean seedlings of the Black Val 
tine variety, germinated in a greenhouse, were selected 
for uniformity at a stage of development when only ue 
hypocotyls were exposed above the surface of the %” 
Half of the plants were treated by applying approximat? 
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at the i 50 mg of lanolin paste containing 20% of Tween 20, 79% 
n, but ME of lanolin, and 1% of 2,4-DNCl. The mixture was spread 
nd the MMEEas a band about 5 mm wide around each hypocotyl. The 
toward remaining plants were left untreated and both groups 
placed in darkness. Extension of stems of the treated 
ones was retarded a noticeable amount during the first 
48 hr following treatment, but there was no apparent 
effect on their diameters. There was a marked difference 
in the length of the hypocotyls and of the first internodes 

D. Zool of the treated and the untreated plants (Fig. 1). 
At the end of 13 days hypocotyls of treated plants were 
Wan approximately half as long as comparable parts of un- 


treated ones. 
about one-fourth the length of comparable parts of the 


First internodes of treated plants were 
935, 1) 
untreated seedlings. Leaves of treated plants were equal 
to or slightly larger in size than those of untreated 
plants. Treated seedlings grown in darkness for 10 days 
B. Lip were comparable in appearance to vigorous field-grown 


plants of a similar age, except that they were not green 







PS in color, while untreated ones showed the spindly growth 
¢. 19 expected in plants grown in darkness. 
After 13 days of darkness, the average fresh weights 
of hypocotyls, first internodes, third internodes, and ter- 
a minal buds of treated plants were significantly less than 
evelpm 



























8, thes 
ngation 
changes 
th-regu: 
n effect 
d by i 
irkness. 
1) was 
ng elon: 
- degre 






















eted 











Valen: 
selected a ; 
the : Mia. 1. At left, elongated stems of Black Valentine bean 
nl} : — crown in darkness; compared with short thick 
e , : 
he 80! my that developed on comparable plants at right, treated 
: ; 5 . . 
imately «,4- chlorobenzylnicotinium chloride. Plants grown in 







“omplete 





irkness and photogr»phed 120 hr after treatment. 












comparable parts of untreated plants. In contrast, the 
fresh weight of primary leaves of treated plants was 
28.2% greater than that of primary leaves of untreated 
ones. The total fresh weight of the aboveground portions 


TABLE 1 


LENGTH AND THICKNESS (IN MM) OF STEMS Or 
ILLUMINATED BEAN SEEDLINGS TREATED WITH 
RELATED NICOTINIUM COMPOUNDS COMPARED 
WITH THAT OF UNTREATED PLANTS 





Treatment 


Diam of second 


S ss ss 3% : 
= &S 28 AB E 
Untreated 95 62 41 246 > 42 
Parachlorobenzyl- 
nicotinium chloride 94 34° 28* 186* 2.91* 
3,4-dichlorobenzyl- 
nicotinium chloride 86 30* 20° 176° 3.09" 
2 ,4-dichlorobenzyl- 
nicotinium chloride 81 25° 17* 148* 4.49* 
senzylnicotinium 
bromide 95 33* 337 2087 2.74* 
Orthochlorobenzyl- 
nicotinium bromide 81 33* 25* 176° 3.00* 
Orthochlorobenzyl- 
nicotinium thiocyanate 80 39° 22° 168° 3.15* 








* Significantly different from control at 1% level. 
r Significantly different from control at 5% level. 


of treated seedlings was 12.3% less than that of the un 
treated. 

In testing the effect on the growth of illuminated 
plants, Black Valentine bean seedlings were selected for 
size and uniformity and divided into groups. One group 
Each of the 


others was treated by applying approximately 50 mg of 


was left untreated and designated controls. 


the above lanolin paste containing, separately, the six 
nicotinium sadts, as a band around the first internode of 
each plant. 

Length of the hypocotyls was not affected (Table 1), 
but all treatments resulted in a highly significant reduc- 
tion in the length of the treated portion of the stems 
(first internode). The most marked effect (59.7% re- 
duction) resulted from the application of 2,4-DNCl All 
treatments brought about a significant reduction in 
length of second internodes and in the total height of the 
2,4-DNCI 


over-all height (66.1% less than control) and benzyl 


plants. was most effective in reducing the 
nicotinium bromide was least effective in this respect. 

All of the compounds used brought about a significant 
increase in the diameter of the stems, the greatest in 
crease (85.6%) resulting from the application of 2,4 
DNCI. 

A group of bean seedlings was seleeted for uniformity 
and used to test the effect of 2,4-DNCl when applied to 
different parts of the plant. Fifty mg of lanolin paste 
(containing 0.5 mg of 2,4-DNCl as previously described 
was applied to each plant. Plants in respective groups 


were treated by applying the paste either as a band 
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around the hypocotyl, as a band around the first inter- 
node, as a thin layer along the midrib of one primary 
leaf, or as a thin layer on the cotyledons of each plant. 
Comparable controls were*similarly treated with lanolin 
containing 20% of Tween 20 but no 2,4-DNCIl. 

Ten days after treatment there were marked differ- 
ences in the way the plants had responded. Treatment 
of the first internode reduced stem length by 33.5%. 
An equal amount of 2,4-DNCl applied to the hypocotyl 
reduced stem length by 22.8%, while the same amount of 
chemical applied to the leaf brought about only a 7% 
reduction in stem elongation. Treatment of the cotyledon 
had no significant effect on stem elongation, although the 
eotyledons were fleshy when treated and remained at- 
tached for several days following treatment. It is ob- 
vious from these results that the effectiveness of 
2,4-DNEl1 in inhibiting intermodal elongation varied, de- 
pending upon the part of the plant treated. 

Bean plants in different stages of development were 
used to compare the effect of 2,4-DNCl:on stem elongation 
of plants in different stages of maturity. Seedlings se- 
lected for the first group were about 3 in. tall and their 
hypocotyls were still increasing in length. Plants in the 
second group were 4-5 in. tall, their hypocotyls had nearly 
completed elongation, and the first internodes were elon- 
gating. Plants in the third group were 6-7 in. tall, the 
hypocotyls had reached maximum length, and the first 
trifoliate leaf was beginning to unfold. Part of the 
plants in each group were treated by applying 50 mg of 
the paste containing 2,4-DNCl as a band around the 
hypocotyl of each plant. The remaining plants in each 
age group were left untreated for comparison. 

During the following 10 days, stem elongation of the 
youngest treated plants was reduced by 35.8% and of 
those in the medium age group by 28.6%, whereas treat- 
ment of the oldest plants reduced stem length only 6.2% 
in comparison with elongation of comparable untreated 
plants in each age group. 

With respect to molecular configuration of the com- 
pounds used, there was a statistically significant differ- 
ence between the activity of the three chlorides. Para- 
chlorobenzylnicotinium chloride was least effective, 
3,4-dichlorobenzylnicotinium chloride was somewhat more 
effective than the para form, and 2,4-dichlorobenzylnico- 
tinium chloride was very effective in reducimg imternodal 
elongation. The three compounds assumed the same order 
of activity when classified on the basis of their effect on 
stem diameter. Differences between the activity of the 
compounds evaluated on this basis were highly significant 
from the statistical standpoint. 

With respect to the two bromides used, the substitution 
of one chlorine atom in the ortho position in the benzene 
ring significantly increased activity when evaluated either 
on the basis of the inhibition of stem elongation or in- 
crease in stem diameter. 

In preliminary experiments the following coal tar de- 
rivatives! have been found to bring about responses in 

1Coal tar derivatives prepared by Dr. C. F. Woodward and 


Dr. D. H. Saunders, Eastern Regional Research Laboratory, 
Wyndmoor, Pennsylvania. 


bean plants similar to those that resulted when the nie, 
tinium compounds were applied: 2,4-dichlorobenzylpyri 
dinium chloride, 2,4-dichlorobenzyl-2-picolinium chloride 
2,4-dichlorobenzyl-3-picolinium chloride, and 2,4-diehlor 
benzyl-4-picolinium chloride. The effect of these coal ta; 
derivatives on plant growth is being studied further. 


Conduction in Photoconductive PbS Films 


Hubert M. James 


Purdue University, West Lafayette, Indiana 


Sosnowski, Starkiewicz, and Simpson (7) have pro 
duced photoconductive PbS films which contain both P} 
and O atoms as impurities, in concentrations (10"/em' 
that are, for semiconductors, relatively high. The Pb and 
O atoms tend to make the film an n-type or p-type semi 
conductor, respectively. Photoconductive sensitivity de 
mands a very careful balance of these impurities to mak 
the conductivity a minimum; this occurs, presumably, 
when Pb and O impurities are present in equal numbers. 
Variations in the densities of the two impurities will the 
cause the film to consist of p and n regions interspersed. 
The very high resistance of the film is attributed to th 
p-n barriers, and the photoconductive effect to the re 
duction in height of these barriers by the redistributior 
of electronic charge produced by illumination (photo 
voltaic effect). 

This note presents some extensions of these ideas, an( 
conclusions as to the film strueture desired for maximum 
photosensitivity. 

First, it must be noted that purely random fluctuations 
in the densities of the two types of impurities can pro 
duce important fluctuations of the conductivity ané 
potential within the film. Consider, for instance, the 
most homogeneous possible film containing 10” O atoms 
and 10 excess Pb atoms per em*. A 1-y eube will then 
contain about 10° atoms of each type, Random fluctua 
tions in these numbers, from cube to cube, will be of the 
order of 10%. The excess of one impurity over th 
other (net impurity density), which determines the ehar 
acter of the conduction in a region, will be on the average 
some V2 x 10’=4.5 x10" atoms, or about the number of 
impurity atoms in an equal volume of an ordinary gem: 
conductor with 5x10" impuritier/em*. For larger ™ 
gions the fluctuations in net impurity density will be less; 
in smaller regions the potential fluetuations discussed " 
the next pararaph cannot follow closely the fluctuations ™ 
impurity density. The ‘‘homogeneous’’ film considered 
here will thus in effect consist of n and p regions, of - 
order of 1 p in diameter, with conductivities ranging 
from the intrinsic level to values of the order of tho 
produced by 10” impurities of one type per em. 

Fluctuations in net impurity density may cause im 
portant fluctuations of potential in the film, eve" when 
they do not invoive the appearance of n-p barric's. In an 
ideal homogeneous semiconductor the Fermi ¢-lrvel is eX 
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, and p impurities, when these are present in nearly 
equal numbers. At low temperatures this sensitivity is 
particularly great: a very small preponderance of one 
impurity over the other will shift the €-level to the neigh- 


porhood of the corresponding impurity level. In an in- 
homogeneous semiconductor in equilibrium the {€-level is 
fixed, but the electrical potential undergoes corresponding 
quetuations as the relative number of impurities shifts. 
The variations in potential will be larger the lower the 
temperature (Fig. la, b) becoming important when the 
number of thermally excited carriers falls below the net 
impurity density. Taking the width of the forbidden 
band in PbS as 0.385 ev, and the effective electronic mass 
equal to the real electronic mass, one finds the number of 
intrinsic electrons to be 1.5x10"%/em* at 300° K, and 
916 10"/em* at 250° K. In the film considered above, 














Fic, 1 


Schematic representation of edges of forbidden 
hind between the full band and the conduction band. (a) 


Moderate temperature, no illumination. (b) Low tempera- 
ture, nO ilumination. (¢c) Strong illumination. 


the potential fluetuations would become important around 
oom temperature, and would increase significantly with 
lecreasing temperature through the next 100° C. 

With inhomogeneous materials, the conductivity of 
‘lms may be very different from that of bulk material. 
In either ease charges will tend to move through poten- 
tial valleys, along paths of minimum potential change; 
in the films here considered current will flow. most easily 
A film of 
thickness ] u will be essentially one region thick, and 
“urrent. flow im itewill be essentially two-dimensional. If 
and p-regions are present in equal numbers, the prob:- 


ilong chains of n-regions or of p-regions. 


bility that there will exist a continuous n-path across a 
region in the direction of current flow is equal to the 
probability that there will be a continuous p-path at 
nght angles to it. 


‘Wve, and each will oceur with very small probability if 


These two events are mutually exelu- 


the region eonsidered is large. Only when one type of 
‘egion is present in considerable excess will continuous 
“paths or p-paths be available in the film; in other cases 


Pn barriers must be traversed by the current. In bulk 
materia] 


m the other hand, there can simultaneously exist 





networks of p- and n-regions along which conduction can 
take place, even when the two types of regions are pres- 
ent in equal numbers. If inhomogeneities in PbS arise 
only from fluctuations, the conductivity of a film will be 
of a lower order of magnitude than that of the bulk ma- 
terial when the two types of impurity are present in 
equal amount; the two conductivities will, however, be 


‘comparable when one type of impurity is so much in 


excess that fluctuations will not cause the appearance of 
regions of opposite type. 

It is thus evident that PbS films with large, equal num- 
bers of Pb and O impurities will have high resistances, 
because (a) the number of conductors in any given re- 
gion depends on the net, rather than the total, impurity 
concentration; and (b) p-n barriers, as well as smaller 
fluctuations of potential, impede the flow of current. 
The conductivity decreases -with decreasing temperature 
because the number of available conductors is decreased, 
but, more importantly, because the potential barriers be- 
come higher. Inequality in the average density of p- and 
n-impurities will decrease the importance of the density 
fluctuations, and decrease the potential fluctuations, as 
well as increase the number of carriers. Maximizing the 
resistance of the film, as described in reference 2, thus 
provides a very sensitive means of assuring equality in 
numbers of the two types of impurities, especially if the 
resistance is measured at a low temperature. 

This picture of the conductivity of PbS films is sup 
ported by the observations of Chasmar (1), whe found 
that the resistance of the films falls with increasing fre- 
quency, because of capacitative shorting of the p-n bar- 
riers. The high frequency conductivity, due to current 
flow within individual regions, remains of the order of a 
thousand times less than that of other PbS semiconduc- 
tors. This is due to the fact, apparently overlooked by 
Chasmar, that the conductivity of the individual regions 
depends on the carefully minimized difference in concen- 
trations of the two impurity types; it would be a thou- 
sand times greater if one impurity or the other were 
absent. 

Illumination of the PbS film inereases the number of 
electrons in the conduction band and of holes in the full 
band, throughout the material. The distribution in en- 
ergy of the holes and electrons will not, however, be the 
same as if this.effect were produced. by rise in tempera- 
ture. Indeed, if interactions of eleetrons and holes with 
the lattice are sufficiently frequent (as compared with the 
creation and annihilation of holes), the distribution in 
energy of holes alone, amd‘ of electrons alone, will con- 
tinue to be those corresponding to the temperature of the 
erystal lattice. The probability that an electronic state, 
or a hole state, will be oceupied can then be written, as 
usual, as 


P(e)=je . +1 . 
but it will be necessary to take different €-values for the 
holes and for the electrons. As the number of electrons 
and holes is increased by increasing illumination, these 
t-values approach the edges of the conduction and full 
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bands, respectively, whatever the impurity density. Since 
each of these €-levels will be constant through the crystal, 
this involves a leveling-out of the potential fluctuations 
(Fig. le), which will become marked when the concen- 
tration of holes and electrons introduced by illumination 
becomes comparable with the net concentration main- 
tained by impurities and thermal excitation. This level- 
ing of the potential barriers, and the attendant decrease 
in resistivity, will thus occur for lower illumination the 
more exact the balancing of the two types of impurities, 
and the lower the temperature. The observation of Chas- 
mar (1), that high frequency conductivity is little af- 
fected by illumination, indicates that this, rather than 
any increase in the number of available carriers, is the 
important factor in the photoconductivity of these films. 
Very pure PbS films should also show photoconductivity, 
their low intrinsic conductivity being increased by the 
carriers produced by illumination; their sensitivity to 
illumination, should, however, be markedly less. 

It appears, then, that high photosensitivity of PbS 
films is to be sought by careful balancing of fairly high 
contents of n- and p-impurity atoms in films of the order 
of 1 uw thick, made as homogeneous as possible; random 
fluctuations in impurity distribution will suffice to pro- 
duce the required potential fluctuations in the film. Use 
of the films at low temperatures is also indicated. 

A theoretical study of the potential distribution and 
conductivity in these films, as it depends on temperature 
and illumination, is now in progress. 
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On the Direct Fermentation of Maltose? 


Michael J. Pelczar, Jr., and Raymond N. Doetsch 


Department of Bacteriology, University of Maryland, 
College Park 


During the course of isolating and identifying bacteria 
of the genus Neisseria from the nasopharynx of humans, 
several strains were encountered which fermented maltose 
with acid production while glucose was not fermented. 
The fermentation of a disaccharide without fermentation 
of either of its constituent monosaccharides (direct fer- 
tmentation) by bacteria has been reported by Wilson and 
Smith (5). Wright (6), Douderoff et al. (1), and Snell et 
al. (3), have reported on a strain of Lactobacillus bul- 
garicus which utilized lactose but not glucose or galactose. 
such observations are not in accord with the generally ac- 
cepted concept of indirect fermentation, which presup- 
poses a cleavage of the disaccharide to its monose constitu- 
ents, which are fermented as such. ‘The subject of direct 


1 Supported in part by a research grant from the Division 
of Research Grants and Fellowships of the National Insti- 
tutes of Health. U. S. Public Health Service. 


te 


and indirect fermentation has been reviewed by Liebov't, 
and Hestrin (2). 
TABLE 1 


PH VALUES PRODUCED IN GLUCOSE AND MALTOSE Brorg B) 
SEVERAL STRAINS OF Neisseria 

















Media* 
Culture Glucose broth Maltose broth 
pH pu 
No. 4 8.3 6.0 
" 12 8.1 5.7 
“" 55 8.3 6.3 
< ae 7.9 5.6 








* BBL phenol red broth containing peptone and meat » 
tract, pH 7.2-7.4. The glucose and maltose were sterilize 
by filtration and added aseptically to sterile phenol red brot) 
to give a final concentration of 0.56%. The pH values wer 


a 


determined after 7 days’ incubation at 35° C. 


The results obtained with four cultures of Neisser. 
when cultivated in glucose and maltose broth, are show 
in Table 1. In each instance, the organisms produced 
acid from maltose while an alkaline reaction developed in 
the glucose medium. It may be noted that an acid 
action in the vicinity of pH 6.0 is a limiting factor f 
the growth of most Neisseria. 

Further observations were made comparing culture \ 
12 to a strain of Neisseria sicca, which ferments both 
glucose and maltose. Each of these organisms was cu 
tivated in glucose and maltose broth for a 5-day period 
after which the residual sugar was determined by the 
method of Somogyi (4). The culture of N. sicca effected 
complete utilization of both carbohydrates, while culture 
No. 12 utilized approximately 75% of the maltose ani 
little, if any, of the glucose. In addition, experiments 
employing the Warburg manometric technic showed that 
the oxygen uptake with cells of N. sicca was approw 
mately the same for both glucose and maltose. For cu: 
ture No. 12, the oxygen uptake with maltose was 4 
proximately that obtained with N. sicca; with the gli 
cose, the uptake was only slightly greater than that 0 
endogenous respiration. 

The maltose used in the above experiments was chet 
ically pure (Pfanstiehl). All determinations have bee 
repeated using maltose recrystallized from chemical!) 
pure maltose and treated with norite five times. No di 
ferences in results were obtained, 

These results suggest that the Neisscria described 4" 
capable of a direct fermentation of maltose. 
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contain 100 y per 10 ml of adenine, guanine, xanthine, 
and uracil. The basal medium for L. leichmannii and 
L. citrovorum was that described by Snell et al. (6) in 
which there is 100 my folic acid per 10 ml as well as 
adenine, guanine, and uracil in the same concentrations 
as above. For L. citrovorwm the Tween 80 and oleic 
acid ordinarily present were omitted. In this medium 
an increase in pH from 6.0 to 6.5 affected adversely the 
response of L. leichmannii to vitamin B,,. As L. citro- 
vorum grows equally well at pH 6.0 and 6.5, the medium 
was adjusted to pH 6.0 for both microorganisms. The 
following supplements were used in the assays: erys- 
talline vitamin B,,,1 a commercial liver concentrate con- 
taining 15 U.S.P. units of antipernicious anemia factor?, 
thymidine,? thymine,‘ and erystalline folie acid.2 

In the case of S. faecalis R there was no response in 


TABLE 1 


COMPARISON OF GROWTH-STIMULATING PROPERTIES OF THYMIDINE, VITAMIN Bu, 
LIVER CONCENTRATE, THYMINE, AND FOLIC ACID 





bovin fim Thymidine and Vitamin B,,* 
Marjory H. Wright 

TR RY 7 2s : 
Experimental Biology and Medicine Institute, 

— National Institutes of Health, Bethesda, Maryland 

ro Thymidine as a growth factor for certain lactie acid 

Oth ” ° . 

: pacteria has received attention recently because of a pos- 
sible metabolic relationship with vitamin B,,. Since 
thymidine can replace vitamin B,, in the nutrition of 
Lactobacillus lactis Dorner and L. leichmannti 4797, 
Wright et al. (5, 9) have suggested that vitamin B,, 
may be a coenzyme in the synthesis of thymidine from 
thymine. Shive (4) points out that conversely thymidine 

sod may be involved in the synthesis of vitamin B.,,. 

1 broth 

‘Ss Were 

isseria, os ea eee 

show 10 ml Basal medium plus: 

oduced ue other 

thymidine thymine 

ped ir . supplements 

cid re —_— = — 

‘or for . ry 

- No 0 0 0 

8 both 0 0 10 my folic acid 

AS Cul: 50 0 0 

period 0 50 0 

bv the 9 0 1-10 my Bu 

ae: 0 0 0.01 ml liver 

ffected concentrate 

eulture 40 0 Of 

ge and 40 0 2my Bir 

—e 0 0 0.1-100 my Bu 

: 0 40-3000 0+ 

d tha 0 40, 300 2 my Br 

pron 0 0 2 my Brut 

or cu: 0 0 2 my Bi 

7 0 0 0.0012 ml liver 

ih concentrate 

e gu 20 0 Of 

hat of 0 20, 200 0 

0 20, 200 2 my Bit 





























chet 

e beet HM10-ml assay volume of basal medium set at 100. 

nically * Growth was the same in presence or absence of folic acid. 

No dif 

As crystalline vitamin B,, (2) is now available for ex- 

od an ape so use, it seemed desirable to investigate further 
's presumed relationship of thymidine to vitamin B.,, 

using three strains of lactic acid bacteria, all of which 

respond to thymidine but which vary in their response 

1 ° other growth-promoting agents. The microorganisms 

acu hosen were Streptococcus faecalis R, L. leichmannii 313, 

od nt RANd Leuconostoc citrovorum 8081. 

, 198 The basal medium for S. faecalis R was that of Tepley 
Arch. and Elveh jem (8), which contains no folie acid but does 
¥ oe i report has been submitted for publication, 

, 1928, ant Prescott have also indicated that the liver fac- 





tors for 7 


teal leichmannii and for L. citrovorum are not iden- 
al, 


(J. biol. chem., 1949, 178, 523). 










Galvanometer readinzg* 





Lactobacillus 
leichmannii 313 


Leuconostoc 
citrovorum 8081 


Streptococcus 
faecalis R 














37°C 





30°C 37° C 
17 hr 16 hr 40 hr 24hr 
98 98 95 83 
36 
30 
30 
97 
8 39 
87 35 
85 9 
98 95 
99 95 
96 95 
83 
44 
41 
47 
80 
61 








*Turbidity of cultures measured in an Evelyn colorimeter, 660-mu filter, with an uninoculated tube containing the 


t Folic acid omitted from medium. 


40 hr to vitamin B,,, while in 16 hr thymidine and 
thymine fully replaced the requirement for folie acid in 
the ratio of 5000: 1, as described earlier by Stokes (7). 

Both thymidine and one or more factors in liver sup 
ported growth of L. citrovorum to the same degree, but 
as reported previously (3) the response to thymidine 
was characteristically delayed 21-40 hr. Attempts to 
replace the liver preparations or thymidine with vitamin 


B,. were repeatedly unsuccessful. The response of L. 
1 Vitamin Biz supplied by Merck & Co. 
2 Supplied by Lederle Laboratories. 
3Thymidine supplied by Dr. D. W. Woolley of Rockefeller 
Institute. 
4 Supplied by Schwarz Laboratories. 
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citrovorum to thymidine in the presence of vitamin B,, 
was the same quantitatively and qualitatively as that 
with thymidine alone. Thus the liver activity could not 
be replaced by thymidine or vitamin B,,, or by a com- 
bination of the two. As indicated in Table 1, thymi- 
dine supported growth equally well in the absence of 
folie acid. Of particular interest was the negative re- 
sponse of L. citrovorum to thymine in the presence of 
vitamin B.,. 

L. leichmannii responded promptly to vitamin B,, in 
amounts ranging from 0.05 my to 2 my, at which level 
there is a maximal response with this strain. The 
growth-promoting effect of liver appeared to be due to 
its vitamin B,, content. Thymidine, in the presence or 
absence of folie acid, supported growth comparable in 
amount to that produced by vitamin B,, only in the 
presence of folic acid. Thymine -could substitute only 
partially for the folic acid requirement of this micro- 
organism. Similar results have been reported by others 
(1, 4, 5). 

Although thymidine and vitamin B,, ean replace each 
other in supporting growth of L. leichmannii, the nature 
of the data obtained with L. citrovorum and S. faecalis 
R does not indieate a specific thymidine-vitamin B,, re- 
lationship. 
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Partition Chromatography of 
Anthocyanidins? 


Earl C. Spaeth and David H. Rosenblatt 


Department of Chemistry, University of Connecticut, 
Storrs 


Because of the recent reports of Bate-Smith (1, 2) 
which have been concerned with partition chromatography 
of anthocyanins and anthocyanidins on filter paper, it 
seems advisable to make a preliminary report of our 
progress in this field. 

In the course of some work with the coloring matter 
of wine and grapes, it beeame necessary to develop a 

1The work reported here was done under contract between 


the Wine Advisory Board of the State of California and the 
University of Connecticut. 
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method for the separation and quantitative analysis 
an anthocyanidin mixture. We thought that separatig, 
might be accomplished by a modification of the partition 
chromatography method of Martin and Synge (5), Ty, 
anthocyanidins, malvidin and petunidin, were synthesizgj 
according to the methods of Robinson and ¢o-worke, 
(3, 4). 

When solutions of these two pigments in a mixture 9 
one volume of ”-butanol and three volumes of ethyl ethe 
were shaken with 10% orthophosphoric acid, almost al] of 
the pigment was transferred to the aqueous layer, 4) 
8.1-em column was prepared in the usual way (5) froy 
2.38 g of silicic acid (Eimer and Amend precipitate 
metasilicie acid; reported iron content less than 0.006%. 
reported heavy metal content 0.00%; dried at 100° ¢) 
1.32 ml of 10% orthophosphoriec acid, and a mixture o 
one volume of n-butanol and three volumes of ethy} etha, 
Flow through the column was aided by a positive pressur 
of about 26 em of mereury. When 4 pg of malvidir 
chloride in 0.25 ml of the n-butanol-ether mixture wa 
placed on the top of the column and washed through with 
the n-butanol-ether mixture, the pigment moved in ; 
single, slowly widening band with an R value (5) of 
0.35+0.01. The pigment band was completely eluted by 
continued flow of solvent. 

In a similar experiment with the same column, a soli 
tion of 4 wg of petunidin chloride in 0.25 ml of the 
n-butanol-ether mixture gave a single band which moved 
with an R value of 0.41+0.01 and could be eluted com- 
pletely. These R values have been duplicated. When: 
mixture of 2 yg of petunidin chloride and 2 yg of mil 
vidin chloride in 0.25 ml of the n-butanol-ether mixtur 
was placed in the same column, the single band whi 
formed began to separate into two bands after movig 
about 2 em. The R values of each of the two banis 
after complete separation were the same as the value 
determined with the single pigments. The first portion 
of the colored eluate were decolorized when shaken in ‘i 
with 10% sodium hydroxide solution. Portions represell 
ing about the last fourth of the colored eluate whe 
shaken with 10% sodium hydroxide solution showed ! 
definite blue color which was stable in air for more thi 
5 min. Similar solutions made up from petunidin chlorid 
showed identical color instability to 10% sodium by 
droxide solution, while malvidin chloride solutions ga" 
a blue color which was identical with that shown by t 
later eluates. Our conclusion is that the lower pigmet 
band on our column is due ‘to petunidin while the upp 
band is due to malvidin. 

Further studies aimed at separation of larger amol 
of mixtures of anthocyanidins are in progress. 
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, Simple Double-Surface Dialyzing 
Membrane 


_M. Wentzel and M. Sterne 


\uderstepoort Laboratories, Transvaal, South Africa 


Very high concentration of botulinus toxin Type D ean 
he obtained by growing the Clostridium in cellophane 
bags immersed in appropriate media (1). However, it 
3 very difficult to tie the end of cellulose sausage cas- 
ngs securely enough to prevent bacteria growing through 
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Fig. 1. At left, longitudinal and cross section of appa- 
ratus showing close approximation of cellophane walls when 
the level of outside liquids is high. At right, same cross 
section, but showing state when level of liquid outside cello- 
phane walls is low. A—Container. B—Outside cellophane 
wall. C—Inside cellophane wall. D—Liquid outside cello- 
hane container. E—Liquid inside cellophane container. 


he tie. The difficulty can be overcome by pulling the 


md of the casing back through the tube. This forms a 
louble-walled seamless tube. For our purpose saline is 
llled into the annular space between the walls and the 
hole tube is immersed in nutrient medium. 
um is placed in the saline. 

If the apparatus is required for dialysis, the liquid to 
’ dialyzed is filled into the annular space between the 
‘llophane walls. As the top is left open and as the 
hembrane is flexible, the levels of the liquid inside and 
side thé membrane always remain the same. By 
‘tying the amounts of liquid inside and outside the bag, 
he dialy ng surface can be varied at will. 


The inoeu- 
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Increased Radioresistance of Red Bone 
Marrow after Anoxia 


Jerome A. Schack and Robert C. MacDuffee 


Army Medical Department Research and Graduate School, 
Washington, D. C. 


Jacobson et al. (3) have reported that the red bone 
marrow of rabbits, in which a regenerative anemia has 
been produced by phenylhydrazine hemolysis or by re- 
peated bleeding, shows less histological injury following 
800 r of total-body X radiation than does the normal. 
We have attempted to extend this to mice, using partial 
anoxia as the marrow stimulus. 

One hundred and forty female mice (White Swiss Bagg, 
18-20 gm) were randomly distributed into two groups. 
One was maintained at sea level pressure as control, and 
the other exposed to a simulated altitude of 15,000 ft 
(430 mm Hg) in an evacuated chamber for 10-14 hr a 
day. Both groups were kept at 25-30° C, and fed freely 
on standard chuck. 


x Evythreid Cells 


3 








Fiu. 1 


Animals were sacrificed at intervals and the marrows 
examined as follows: each femur was 
smeared and stained with Wright’s stain. Late erythro- 
blasts and normoblasts were counted together as erythroid 
cells and expressed as percentage of total marrow cells. 
Since early erythroblasts might be confused with myelo 
blasts and lymphocytes by the inexperienced observer, 
only the later forms of the red series were counted. 
Smears of marrow from each femur were counted by both 
observers independently. Each point in the figure repre- 
sents the mean of 20 observations on five animals. 

The percentage of erythroid cells in the marrow of this 


Marrow frem 
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strain of mice was determined in 20 normal animals to 
be 10.6% +0.2%. Brecher et al. (2) found somewhat 
higher values, reporting total nucleated red cells. 

The experimental group was maintained in the evacu- 
ated chamber until samples showed the erythroid cell 
level to have increased to 18.6% +1%. At this time both 
groups were exposed to 500 r of total-body X radiation 
and thereafter maintained at sea level pressure. The 
mice were placed 20 at a time in a paper box, 10 x 10 x 1.5 
em, and irradiated with a 200-kv machine filtered with 
1 mm of aluminum and 0.5 mm of copper, and calibrated 
with a Vietoreen r-meter. 

The data are presented in Fig. 1. 

The control group responded as would be expected from 
previous studies (1) and (2). There was a rapid fall in 
percentage of erythroid cells in the first two days, fol- 
lowed by a rise from the fourth to the sixth day. This 


Comments and 


The System of Stable Nuclei 


For some time it has been known that certain preferred 
numbers, N or Z=20, 50, 82 or 126 give exceptional 
stability to a nucleus (ELSASSER, W. J. Physique Rad., 
1933, 4, 549; 1934, 5, 389, 635; MAyer, M. G.. Phys. 
Rev., 1948, 74, 235). Just recently it has been pointed 
out that in the neighborhood of Z=82 and of N=126, 
nuclei with a number of protons or neutrons only ap- 
proximately equal to these numbers have abnormally high 
binding energies, too (WAy, K. Phys. Rev., 1949, 75, 
1448). The same conelusion had been reached independ- 
ently by Mr. Wapstra of this laboratory in connection 
with his caleulations of nuclear masses of natural radio- 
active elements (ROSENFELD, L. Nuclear forces I, Nether- 
lands: North-Holland Pub.; New York: 
1948, pp. 525-529 and plate II). 

As an example we shall give an approximative sketch 
of a series of isotopes of a single element with neutron 
numbers between 120 and 132. Nuclei with N=120 and 
121 will have roughly normal energy contents. The bind- 
ing energy of the 122nd neutron is slightly enlarged, 
which brings the energy content of this nucleus somewhat 
below normal. The follewing neutrons are again added 
with binding energies larger than normal till the nucleus 
with the preferred number N=126 has been reached. 
This is the isotope in which the energy content of the 
nucleus lies deepest below the normal level. The 127th 
neutron is bound with an exceptionally small energy 
effect, but the nucleus as a whole still has a lower energy 
content than it would have had under normal circum- 
stances. It takes about four more neutrons, which are 
bound less tightly than the average, to bring the energy 
eontent of the nucleus back to normal, around N =132. 
A diagram of the difference between the actual energy 
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apparent recovery coincided with the loss of myelgj 
elements, the percentage of erythroid cells failing of 
again as the myeloid series recovered. 

The group which had been subjected to anoxia show 
the same pattern to the sixth day. However, the sharp 
fall noted in days 6-9 in the control group was absent 
The probability that the differences between groups 
days 7, 8, and 9 were due to chance alone is 1/250, |, 
therefore appears that the hyperplasia of the red marry, 
produced by exposure to low oxygen tension enhance 
the resistance of the erythroid elements of the mouse gy}. 
sequently exposed to 500 r total-body X radiations, 
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content of the nuclei and its interpolated normal valu 
shows a horizontal line =0 below about N = 122 and above 
about N=132. Between these values a dip is observed 
with its lowest point at N=126. It is difficult to sa 
anything definite both about the actual width and about 
the shape of this dip, but it seems likely that it is steepest 
near N=126 and flattens out on both sides. 

Thus the stabilizing influence is not restricted to the 
exact preferred numbers but it is also active, though to 
a lesser extent, in nuclei containing a number of nucleons 
smaller or larger by a few units. These near-preferred 
numbers make a nucleus more stable than normal com 
pared to ordinary nuclei but they decrease their stability 
towards nuclei containing a preferred or a nearer pre 
ferred number of nucleons. It can be demonstrated that 
a similar state of affairs oceurs also in the neighborhood 
of other preferred numbers below N = 126 and Z = 82 aul 
that it explains the majority of the apparent irregulan 
ties in the system of stable nuclei. 

First it may be pointed out that, contrary to an 00 
sional suggestion (Suess, H. E. Zeitschrift fiir Nav 
forschung, 1947, 2A, 604), the excess binding energy i 
very nearly equal in a proton and in a neutron of the 
same preferred number. Proof of this fact is to be found 
in the perfectly regular series of half-lives of the 2° 
N +1 nuclei and in the agreement of the positron enets! 
limit of Se“ with the value caleulated from the liq 
drop model (ROSENFELD, L. Loe. cit., p. 383). 

If the increased binding energy had occurred only » 
nuclei with ‘‘preferred numbers,’’ only the stability uf 
these nuclei and that of the adjoining odd-mass nucle! 
would have been affected. As it is, the extra stability of 
near-preferred numbers of nucleons is expressed iM the 
nuclear energy diagram as additional local valleys super 
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siete mposed on the main surface, which have an axis coin- 
= iding with a line indicating one of the preferred num- 
ling off ne : ° » ° ey: 
ers, This means that the line of maximum stability 
shows exceptionally high values of dZ/dN at N=50 and 
Showed j - 
1-82 and an abnormally low value at Z=50. 
: a, ; ley i asily from the 
0a The course of the energy valley is seen easily from the 
i y-f(N) representation of stable odd-mass nuclei. In 
OUDPS op ; , ee k 
250 his scheme, different nuclei with a constant neutron ex- 
po ; ess lie on diagonals, straight lines making an angle of 
arroy 


45° with both axes. Above N =82, from gadolinium on- 


hanes 


wards, the course of this line is very regular. It is al- 
bias - most unaffected by the preferred numbers Z=82 and 
7 '-126, as it passes very near their intersection. The 
werage number of nuclei with constant neutron excess 
d.. 195 s somewhat less than 4, at lower masses it should be 


lightly higher. The actual number of nuclei varies to 
, certain extent (3,5,3,5,2,4,2. ...) possibly due to irregu- 
arities of the energy levels in individual nuclei. The 
Bteepness of the Z=f(N) curve in the region of N =50 
sseen from the fact that here nine nuclei have the same 
beutron excess 11, whereas the preceding neutron excess 
s represented by five nuclei only, and the neutron excess 

by three. It is equally satisfactory to find very short 
ries at Z=50, two nuclei with neutron excess 17 and 
(Members of isobar pairs 
In the neigh- 


+ nuclei with an excess of 19. 
yf unknown stability are counted as 3.) 


al value MMorhood of N=82 the situation is somewhat more com- 


nd above MMB licated. It will be diseussed presently, but here also 
observed Mic number of 11 nuclei oceupying two adjoining diago- 
t to siy MMBals is strikingly high. J. H. D. Jensen and H. E. Suess 
id about Naturwiss., 1947, 34, 131) have stressed the fact that 
steepes' MMpart from the elements missing in nature (Z=43 and 

[=61), there are also two even elements, which do not 
d to the Mave an odd-mass isotope (argon with Z=18 and cerium 


hough ith Z=58). In these elements the reason is easily un- 


nucleons MiM@erstood, as the odd-mass isotopes which would normally 
yreferre! MMMBave been stable, have adjoining isobars, with energies 
nal com pwered by N=20 and N=82. In argon, A®” decays to 
stability MBI" and A*® to K®, In cerium, the situation is analogous, 
urer pre Mime” being unstable towards La™ and Ce towards Pr. 
ited thit These transitions are included in Elsasser’s and M. G. 
iborhood MMlaver’s considerations.) In the region of N=82, the 
= $2 ani Muclei with near-preferred numbers are stabilized suffi- 
regular Miently to cause a more extensive irregularity. Either 

a (N=80) or Pr'® (N=84) should normally have 
an oc Magen stable, but because the stability is increased to a 
r Natu MiMteater extent at N=81 or at N=83 than at N=80 or 


nergy ® , the nucleus has decayed to an adjoining isobar with 


n of the hearer-preferred nucleon number. 

be fowl The absence of the elements Z=43 and Z=61 is much 
the 2-MiMBore difficult to explain. The only point which can be 
n energ ade is that if elements are lacking in nature their 
ne ligt” MMMuclear charges 43 and 61 are among the values where 





us type of anomaly is not unlikely to occur. The choice 
b°verned by three considerations. First, the energy 
tlley should not be too narrow; therefore light masses 
* excluded. Then, dZ/dN should be as high as pos- 
ble—we inust be in a steep part of the curve. (Other- 
“ea heavier odd-mass nucleus will always have a strong 
ndeney towards a higher neutron excess.) Finally, the 





i only » 
bility of 
sg nucle! 
bility 
d in the 
vs super 








anomaly should be near the transition point between two 
diagonals. 

The system of stable nuclei of even mass can be fully 
described by the stability of the lightest and the heaviest 
isotope of each element, as all even isotopes between are 
stable too. The only exception, samarium, is easily ex- 
plained by the theory of M. G. Mayer. Sm™ is stable 
beeause of its 82 neutrons, whereas Sm™ has not been 
found. It is probably B-stable, but it is almost cer- 
tainly an g-emitter, decaying to Nd™, because the q-en 
ergy is increased by the latter’s number of 82 neutrons. 

According to E. Feenberg (Rev. mod. Phys., 1947, 19, 
239) single even isobars are to be expected among 
masses > 150. These are indeed observed at regular 
intervals in and above erbium, and also in and below 
germanium. Between these elements the only single iso- 
bars found—apart from Nd™, which should have had 
Sm as its isobar—are Sr® (N =50), Zr® (N =50), Sn™ 
(Z=50), and Ce” (N =82). 
number nuclei, but this does not in itself provide an ex- 
planation of the absence of isobars. The real reason is 
that the adjoining odd-odd isobars have an inereased 
binding energy too. This makes possible the decay, via 
this nearest-preferred nucleus, of the unstable evep-mass 
isobar, in which the stability is increased to only a smaller 
extent. From the general course of the observed limits 
of §-stability one can easily see which isobars of the 
nuclei mentioned would have been stable if near-preferred 
nuclei had had normal energy contents: Zr®* (decays 
through Y®), Sr® (through Y”), Te™ (through Sb"), 
and Nd™ (through Pr™) or Ba (through La‘”). Ce™, 
too, would have been a stable nucleus under normal con 
ditions. As it is, Pr, with N =85, has an energy con 
tent sufficiently decreased to make possible the B-decay 
of Ce. The instability of the even isotopes mentioned 
explains why in these elements the odd-mass isotopes lie 





These four are preferred- 


quite asymmetrically between the even ones. An addi- 
tional reason is the shift of stability in odd-mass nuclei 
towards N =82. 
Whereas the limits of §-stability are narrowed where 
a preferred number lies between them, they are widened 
in cases where the line indicating such a number runs 
near but outside one of the limits. In this case an extra 
even nucleus may be stabilized by the fact that it is 
nearer-preferred than the odd-odd nucleus through which 
it would have decayed under normal circumstances. This 
effect is seen in the triple isobars, of which four sets 
exist, at masses 96, 124, 130 and 136. Of these Sn™ 
(Z=50) and Xe (N=82) are stabilized by preferred 
numbers but Ru® (N =52)—though it is difficult to say 
whether this nucleus is outside the normal 6-stability 
limits or not—and Te™ (Z=52, N=78) owe their in- 
creased stability to near-preferred numbers. There can 
be little doubt that the exceptionally high abundances in 
ruthenium of the lightest isotopes—which are much rarer 
in other elements heavier than arsenic (FRANK, F. C. 
Proc. phys. Soc., 1948, 60, 211)—and in tellurium of the 
heaviest isotopes are due to the same stabilizing influence. 
A. H. W. ATEN, JR. 
Institute for Nuclear Research, Amsterdam 
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a-Naphthaflavone as an Indicator in lodometry 


Many workers employ starch-test solution as the indi- 
eator of choice in iodometric titrations. The effective- 
ness of starch solution may depend upon the temperature, 
the amount of free iodide present, the presence of other 
salts and acids, the kind of starch used, and the method 
of preparation of the starch solution. Although the end 
reaction is usually accompanied by a blue color, or some 
shade thereof, the color obtained in iodine-starch combina- 
tions, depending upon the factors mentioned, may be at 
times violet or golden-yellow. Unless freshly prepared, 
starch solutions will decompose because of bacterial ac- 
tion;. furthermore, the presence of suitable preservatives 
(Samuel, W. A. Chem.-Anal., 1948, 37, 33) results in 
interference with color reactions in microdeterminations. 

In studies on the use of minute quantities (ppm) of 
free iodine in water disinfection, we found that starch 
solution was not a suitable reagent and would not reveal 
the presence of free iodine in very small amounts. 

When gq-naphthaflavone, xanthones, quinones, and 
phthaleins are introduced into iodine solutions they 
usually produce blue-colored addition products. A search 
of the literature revealed that G. Barger and W. W. 
Starling (J. chem. Soc. Trans. London, 1915, 107, 411) 
first noted the production of a blue color with q-naphtha- 
flavone and free iodine. This also was reported by H. 
Freundlich (Physikal. chem. Grundlagen der Kolloid- 
chemie. Leipzig, 1924; English translation, Barger G. 
The elements of colloidal chemistry. New York: E. P. 
Dutton, 1924. P. 67), M. Hahn and co-workers (Hahn, 
M,. Schutz, F., and Pavlides, 8. Z. Hyg. Infekttionskr., 
1929, 109, 530), and J. F. Reith (Pharm. Weekblad, 1929, 
66, 1097). 


Scientific Book Register 


CRAIGIE, E. HorNE. Bensley’s practical anatomy of the 
rabbit. (8thed.) Philadelphia: Blakiston, 1948. Pp. 
xii+391. (Illustrated.) $4.25. 


DUKE-ELDER, STEWART. The practice of refraction. (5th 
ed.) St. Louis, Mo.: C. V. Mosby, 1949. Pp. xiv +317. 
(Illustrated.) $6.25. 


FieseR, Louis F., and Fieser, MAry. Natural products 
related to phenanthrene. (3rd ed.) New York: Rein- 
hold, 1949. Pp. xii+704. (Illustrated.) $10.00. 


Hewitt, RicHARD M., et al. (Eds.) 
of the Mayo Clinic and the Mayo Foundation, 
delphia: W. B. Saunders, 1949. Pp. xii+918. 
trated.) $11.00. 

Geometry: elcmentary mathematics from 


(Trans. from 3rd 
New 


Collected papcrs 
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(Illus- 


KLEIN, FELIX. 
an advanced standpoint (Vol. II). 
German ed. by E. R. Hedrick and C. A. Noble.) 
York: Dover Publ., 1949. Pp. ix+214. $2.95. 


inci 


Reith was the first worker to employ a 0.1% aleohoj; 
solution of g-naphthaflavone as the reagent for titrimety, 
examinations and for the colorimetric analysis of fy, 
iodine solutions. 

In our studies investigating the use of free iodine j, 
water, especially in swimming pools, it was necessary , 
have available a very sensitive reagent or indicator ty 
detect free iodine in amounts of less than 1 ppm. \, 
found that a 0.1% alcoholic solution of g-naphthaflayyy, 
was stable and was more sensitive than starch-test 9) 
tion in revealing minute quantities of free iodine. (), 
centrations as low as 0.1 ppm were readily detectej 
whereas starch reagent required at least 10 ppm of fry 
iodine for the produetion of a sensitive color reaction, 

In determinations where the free iodine concentratigy 
were large (from 10 to 100 ppm), the color produce 
when using the qg-naphthaflavone reagent varied froy 
brown and brownish-blue to blue and violet. Quantitia 
of free iodine less than 10 ppm revealed varying degre« 
of a blue, violet blue, and violet color. 


Louis GERSHENFELD and BERNARD Wit 


Department of Bacteriology, 
Philadelphia College of Pharmacy and Science 


Erratum 


In my communication ‘‘ Toxicity and the Chemical 
Properties of Ions’’ in the August 19th issue of Scienc, 
the ionic field was printed as p? (p. 194, second colum, 
third line from bottom). It should be r*, i.e. the recip 
rocal of the square of the ionie radius. 


WILLIAM SEIFRI 
University of Pennsylvania 


ROBERTSON, B. L. and BLAck, L. J. Electric circuits aud 
machines. New York: D. Van Nostrand, 1949. Pp. 
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RUSHBROOKE, G.S. I/ntroduction to statistical mechanics 
New York: Oxford Univ. Press, 1949. Pp. xiii + 334 
$5.50. 

SCHNEIDER, WALTER A., and Ham, Luioyp B. Fz)" 
mental physics for colleges. (Rev. ed.) New York: 
Maemillan, 1949. Pp. xii+442. (Illustrated.). $3.80 

SieGia, SIDNEY. Quantitative organic analysis fune 
tional groups. New York: John Wiley; London: (1) 
man and Hall, 1949. Pp. vii+152. $3.00. 

STAUFFER, ANDREW. (Ed.) Introductory biology. 
York, Toronto, and London: D. Van Nostrand, ! 
Pp. ix+722. (Illustrated.) $5.00. 

Srourrer, SAMUEL A., et al. The American soldier: 
justment during army life. (Vol. 1.) Princeto?, Ne 
Jersey: Princeton Univ. Press, 1949. Pp. xii + 
(Illustrated.) $7.50. | 

WARE, LAWRENCE A. and REED, HENRY R. Commune 
tion cirewits. (3rd ed.) New York: John Wiley, 
Pp. x+403. $5.00. 
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eoholi the federal establishment—one on has been appointed research instrue- 
rimetric ii kk W $ rheumatic and metabolic diseases and tor in the Cancer Research Labora- 
Of free another on neurological diseases and tory of the University of Florida. 


blindness. The Murray Subcommit- 


rdine iy tee is also considering S2211, direct- Lester J. Evans, medical associate 
sary ty a Nofes ing the Public Health Service to of the Commonwealth Fund, has been 
ator ty An conduct a sampling survey of chronic appointed consultant in medical edu- 
m. We and degenerative illness. eation to the State University of 


aflavon : New York, New York City. Dr. 
The Rules Committee failed to Evans will assist the trustees of the 
jace the National Science Founda- About People university in formulating the medical 
ion bill (HR 4648) on the House 
alendar before that body declared 
, recess until September 21, and it 
has been learned from _ reliable 


‘St so! 
2. Con. 
letected, 
Of free 


Ingvar Svennilson, head of the education program. 
Swedish Institute for Industrial Re- 
search, will direct a two-year study 
trations : ‘ of changes during the past forty 

‘Biources that no action of any kind : & 8 I ; . 
roducel i . ; years in European economy in order 

: vill be taken until the House recon- ‘ , . ; 
1d from “aul ; to determine to what extent it has 
nes. Scientists may profitably uti- ; 

. ‘ : ; been affected Ly government inter- 
ze this period to interview their ; : f 
: . : ference in trade between nations. 
epresentatives, many of whom will “2 4 : : 
The Umi:d Nations will publish the 


reports of the investigation, which Visitors to U. S. 
will be financed by the Rockefeller 


Hans Ris, associate in zoology at 
the Rockefeller Institute, has been 
appointed professor of zoology at the 
University of Wisconsin. Dr. Ris, a 
native of Switzerland, was graduated 
from the University of Bern. 


eaction, 


lantities 
degrees 


e at home. Most vigorous opposi- 
Witty Rion to the bill has come from Rep- 


esentative James W. Wadsworth é ae ee re 
aie . Foundation. Dr. Syennilson’s head- An international medical commis 
{lst District, New York) who has sion is making a six-week tour of 


quarters will be in Geneva, Switzer- 
punounced to the press that the Rules 


land venereal disease clinics in this coun- 


‘ommittee will take no action on try for the World Health Organi- 

he bill this session, notwithstanding Nicholas Stefan Halmi, former zation. The group includes Sidney 
. he faet that it has been proposed to member of the Anatomical Institute Laird, adviser in venereology at Suf- 
_— imit appropriations for the Foun- of the University of Sciences at Pees, folk, England; E. I. Grin, director 
Scien’ MMation to the modest sum required Hungary, has arrived here on a non- of the government venereal dispen- 
eolunt, or organization and administration quota visa issued by the United sary in Sarajevo, Yugoslavia; Juan 
i. puring the first year of its existence. States Consulate General at Munich. M. Funes, director of the rapid 
ol ~ a has been accepted by Dr. Halmi will join the faculty of — treatment center at Guatemala City ; 
SEIFEGR). Perey Priest, author of HR 4648 the University of Chicago as instrue- N. Jungalwalla, venereal disease ad- 


ul, it is reported, by the President. tor of anatomy. viser to the government of India; 


nder the cireumstances it is diffi- ; Poul V. Marcussen, director of the 
ult for Representatives Wadsworth, Robert A. Harte, secretary of the 


lerter (Massachusetts), and Sabath Amino Acids Advisory Committee of 
Illinois) to justify their opposition the United States Pharmacopoeia, 
0 the Foundation on the grounds has been appointed research admin- 
Mf economy, but no other reason has istrator of the Medical Research Di- 
een given. vision, Sharp and Dohme, Ince., Phila- 


municipal venereal disease clinic at 
Copenhagen, Denmark; and Pierre 
Joulia, professor of dermatology and 
syphilology at Bordeaux University, 


wits and 


49, Pp. 
Franee. 


Sgt : delphia. Mr. Harte did work in im- José M. Cruxent, director of the 
ie Congressional action on the munochemistry with the Rockefeller Museum of Natural Sciences, Cara- 
. medical sciences during the week Institute of Medical Research, New eas, Venezuela, has been conferring 
oe ‘ sage 23, a8 cummarignd by York City, from 1932 to 1942. with officials of the Smithsonian In- 
: a rasnington Report on the Medical init ; , stitution and other museums through- 
$)./ iP ciences, included a favorable report William Hovanitz has resigned BF Le RT ; 

vu [uy the House Interstate and Foreign _‘his position at Wayne University to ae 

u: Chi iommeree Committee on HR 5903, become professor of biology at the Visitore at the National Bareau of 
he hospital construction aid bill, University of San Francisco. Dr.  gtanaards during the week of August 

yy. Newhich ig substantially the same as Hovanitz will give courses in genetics 2° included R. Yarar, assistant pro- 

id, 14" 514, passed by the Senate on Au- and biometry. fessor at the Technical University of 
ust 9. The House also passed HR . . 

ier: “P22, which authorizes liberal salary ein oicg cig Lalaari sos nS Stata te phan iar Poult 

ron, \e"reases for physieans, dentists and oe — engaged sige: we fees pee ity. England r 

sii "CS in the Repo pened a pological survey in Puerto Rico, has xECE ersivy, giana. 


been appointed instructor in physical 
anthropology at the University of 
Michigan. 


‘on Medical Department. The Mur- Custodia Fuenzalida, supervisor 
nnn Y Subeommittee of the Senate on of student nurses and instructor of 
ey, 19 ealth le -islation approved a com- pediatric and surgical nursing in the 

letely revised $1651, which would Siegfried Woislawski, of the Uni- children’s hospital and maternity 


id two .ew research institutes to versity of Rochester Medical School, ward of the University of Chile, is 


264 


SCIENCE 


September 9, 1949, Vol, ), 








here on a public Health Service 
training grant. Miss Fuenzalida will 
study at the School of Nursing of 
the Boston University. 


Grants and Awards 


The University of Michigan has 
announced the award of research 
grants to faculty members amount- 
ing to $105,906. Of this sum, $87,- 
413.50 is in grants made by the Board 
of Governors of the School of Gradu- 
ate Studies from the Horace H. Rack- 
ham Fund, ineluding, $25,000 for 
fellowships and $8,000 for the publi- 
eation fund. The six largest specific 
research grants also were made from 
this fund. 


The University Observatory was 
alloted $7,260 to continue spectro- 
scopic studies of the southern sky 
at the University’s South African 
observatory. A grant of $6,000 was 
made for research projects being 
planned by the Center for Japanese 
Studies. Other projects include 
studies of the behavior of the endo- 
crine glands and the existence of be- 
havior problems in children, the func- 
tional breathing capacity of the 
lung, the growth and regeneration 
of endosperms in culture, and the 
Pleistocene history of the Great 
Lakes. 


G. E. F. Lundell, former chief of 
the Chemistry Division of the Na- 
tional Bureau of Standards, will re- 
ceive the $1,000 Fisher Award in 
Analytical Chemistry at the 116th 
national meeting of the American 
Chemical Society in Atlantie City on 
September 19. Dr. Lundell, who re- 
tired from the Bureau of Standards 
last year, was cited for his contribu- 
tion to applied inorganic analysis 
and for his ability to train young men 
in the field of analytical chemistry. 
The award was established in 1947 
by C. G. Fisher, president of the 
Fisher Scientific Company of Pitts- 
burgh, to recognize and encourage 
outstanding achievement in the sci- 
ence of analytical chemistry. It was 
conferred for the first time last year 
on Dr. N. Howell Furman of Prince- 
ton University. 


The Royal Society of Tropical 
Medicine and Hygiene of London 
has elected William H. Taliaferro, 


chairman of the Department of 
Bacteriology and Parasitology at the 
University of Chicago, an honorary 
fellow. Dr. Taliaferro holds the 
Eliakim Hastings Moore  distin- 
guished service professorship of 
parasitology at the university. 


The Ross Coffin Purdy Award 
of the American Ceramic Society was 
granted to Herbert Insley, chief of 
the Mineral Products Division of the 
National Bureau of Standards, and 
F. P. Hall, assistant director of re- 
search at the Onandaga Pottery Com- 
pany—joint authors of Phase Dia- 
grams for Ceramists. 


The Honor Scroll of the Ameri- 
can Institute of Chemists will he 
presented on October 7 to Otto Eisen- 
schiml, president of the Scientific 
Oil Compounding Company. Dr. 
Eisensechiml will deliver his aecep- 
tance address on ‘‘ The Responsibility 
of the Community to Its Chemists.’’ 


The Navy Bureau of Ordnance 
has granted a two-year research con- 
tract to Eugene Lieber, associate pro- 
fessor of chemistry at Illinois Insti- 
tute of Technology. Dr. Lieber will 
conduct research in the new deriva- 
tives and chemical and _ physical 
properties of nitroguanidine. 


The Frederick Ives Medal of the 
Optical Society of America will he 
awarded to George R. Harrison, dean 
of science at Massachusetts Institute 
of Technology. Dr. Harrison will 
receive the award at the annual meet- 
ing of the society at Buffalo in Oc- 
tober for his contribution to the field 
of opties. 


The Croix d’Officier du Merite 
Agricole has been given to William 
V. Cruess, professor of food tech- 
nology at the University of Califor- 
nia College of Agriculture. The 
honor was conferred by the French 
Consul General Jean de Lagarde. 


Colleges and Universities 


Washington University, St. 
Louis, will begin construction of a 
$900,000 building for research in the 
basic sciences related to cancer. This 
laboratory is the third announced 
addition to the Washington Univer- 
sity Medical Center. Half the funds 


— 


for the new research center Were ¢, 
tributed by the U. S. Public Hegy 
Service, the other half by the y; 
versity. 


Research on cosmic¢ rays ig bi 
carried on in the Rocky Mountsis 
in Colorado by scientists from tj 
University of Washington Applic 
Physics Laboratory. By means , 
a dual cloud chamber  apparaty 
equipped with built-in cameras, ti 
vapor trails of cosmie rays will \ 
recorded as they pass through vape 
compartments at an elevation of mor 
than 11,000 feet. The project whic 
is sponsored jointly by the Office of 


Naval Research and the university jy 


under the supervision of Joseph 

Henderson, director of the labor 
tory. Charles E. Miller, assistay 
director, will head the expedition 


Roosevelt College, Chicago, wil 
conduct a ten-week institute, ‘Ne 
Frontiers of Seience and Industry,’ 
September 21-—November 23. Th 


list of speakers and their subject 


are: Perey Julian, director of r 


search, Glidden Company, ‘‘Ne 


Horizons in Science,’’ September 2]; 


G. P. Kuiper, director of Yerkes 


Observatory, ‘‘ New Results on th 


Planets,’’ September 28; Gusta 
Egloff, director of research, Unive 


sal Oii Products Co., ‘‘Have We 


Enough Petroleum?,’’ October 5; 
E. M. K. Geiling, Pharmacology le 
partment, University of Chicags 
‘¢What’s New in Drugs?,’’ Octole! 
12; Samuel K. Allison, direetor, 
stitute for Nuclear Studies, Umve! 


sity of Chicago, ‘‘ New Energy frou 


Atoms,’’ October 19; Jules Mass! 
man, Medieal School, Northwest 
University, ‘What is Modern Ps 
chiatry Doing?,’’ October 26; Antol 
J. Carlson, Department of Phys? 
ogy, University of Chicago, ‘Y" 
Body and You,’’ November 2; Al 
drew C. Ivy, vice president, Une! 
sity of Illinois, ‘‘What’s New " 
Medicine?,’’ November 9; Louis * 
Ridenour, Graduate College, Un 
versity of Illinois, ‘‘ Machines Le 
Think,’? November 16; and © 
Stanley Smith, Institute fo q 
Study of Metals, University of Ch 
eago, ‘‘Metals and Your Life, 
November 23. 

The sessions will meet on Wed 
day evenings at 8 p.m; 4 dmissil 
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ere cm yj} be $5.00 for the entire series and the University of Southern Calli- ing officers for the coming year: 
» Heal nd 75 cents for individual sessions. fornia, will be held November 10 and president, Henry H. Gregg, pharma- 
the yj 11 at the Huntington Hotel, in Pasa- cist, Minneapolis, Minnesota; first 

Meetings and Elections dena, California. vice president, Roy A. Bowers, dean, 


: é ; University of New Mexico College of 
18 being The National Science Teachers The annual national meeting of Pharmacy, Albuquerque, New Mex- 


Ountainflmm Association Will hold a regional the American Institute of Chemical ico; and second vice president, Louis 
rom tif meeting at the Mellon Institute in Engineers will be held in Pittsburgh, J. Fischl, pharmacist, Oakland, Cali- 
Applic Pittsburgh on September 30. Thomas December 4-7, with headquarters at 
neans if Parran, dean of the Graduate School the William Penn Hotel. Technical 
Dparatulmmof Public Health, ‘University of symposia will include panel discus- The newly-organized Central 
ras, tlle Pittsburgh, will be the main speaker sions on the present status of profes- States Section of the Botanical 
will at the luncheon session. Work ses- sional legislation, corporation train- Society of America, at its meeting 
zh vapormmsions will include the evaluation of ing of young engineers, industrial at Ann Arbor, Michigan, August 20, 
of mori business-sponsored teaching aids for waste disposal, atomic energy, and elected the following officers: chair- 
ct whiefi/™science. More than one hundred in- vapor-liquid equilibria. man, John E. Sass, of Iowa State 
Office (mdustries in the Pittsburgh area, College; vice chairman, Margaret 


fornia. 


ersity iq™meastern Ohio, and northern West Vir- The Academy of Forensic Sci- H. Fulford, of the University of 
seph ginia have been invited to partici- ences (American Medico Legal Con- Cincinnati; members of the execu- 
laborafimpate. Additional information may gress) will hold its second meeting tive committee, Paul Weatherwax, 
assistaifinbe obtained from Robert H. Carleton, ‘= Lincoln Hall, Northwestern Uni- of the University of Indiana, Howard 


dition, HPExecutive Secretary, National Sci- versity School of Law, Chicago, on W. Larsh, of the University of Okla- 
ence Teachers Association, 1201 Six- January 26-28, 1950. The meeting homa, and G. W. Preseott, of Michi 


1g0, Wi teenth Street, Northwest, Washing- will be devoted to a discussion of gan State College. Oswald Tippo, of 


, 66 Noy : : . 
am 7 ton 6, D. C. forensic science problems and a for- the University of Illinois, was re- 
y . . 
; r mal organizational program. Per- elected as secretary-treasurer. 
5 . . - , 2 4 . * 
. 3 The American Oil Chemists’ So- _ sons interested in presenting papers 


subjet ciety will hold its fall meeting at- should contact Dr. A. W. Freireich, Deaths 
r of remithe Edgewater Beach Hotel, Chicago, 180 Hempstead Avenue, Malverne, 


‘‘New@@October 31-November 2 with ad- New York, or Professor Ralph F. Tur- Edwin C. Miller, 70, professor 
nber 2l vance registration on the 30th. C. ner, Acting Secretary, Department emeritus of plant physiology at Kan- 
Yerke@@MQE. Morris, of Armour and Company, of Police Administration, Michigan 888 State College, Manhattan, Kan- 
} on tH will serve as general chairman of the State College, East Lansing. sas, died August 2 of cerebral throm- 
Gusta meeting, and R. H. Rogers, Jr., of bosis. Dr. Miller was formerly a 
Unive@iSwift and Company, as exhibits The National Society for the plant physiologist at the Kansas 
ave Walichairman. Prevention of Blindness will. hold Agricultural Experiment Station, 
ober 5; a five-day conference in conjune- and was at one time president of the 


logy be He. a me Exposi- tion with the interim session of the American Society of Plant Physiol- 
“hieago an o . ° ° . 
Chicag on and the Pacific Industrial Con Pan American Association of Oph- ogists. 


tobe ‘ i : 
Octotegmmerences, under the sponsorship of  thalmology, March 26-30, 1950, at 
ctor, ifgg'e American Chemical Society, will 
Univesmmee held in San Francisto, November 


Eugene Waldemar Posnjak, 61, 
Russian-born geochemist, died at his 
home in Santa Barbara, California 
on August 5. Dr. Posnjak retired 
from the Geophysical Laboratory of 
the Carnegie Institution, Washing- 


the Floridian Hotel, Miami Beach, 
Florida. The theme of the meeting 
will be ‘‘ The Americas Unite to Save 
Sight.’’ Among the subjects to be 
discussed are current blindness-pre- 
vention programs in countries of the 


gy ftom |-5, There will be more than a hun- 
Massa ted commercial exhibits, a group of 
hwesterifmgsrecial exhibits, continuous motion 
orn Psfmectures, and fourteen one- and two- 


5 Antal day conferences. Western Hemisphere, trachoma, in- ton, D. C., two years ago, after 34 
a The Society for Applied Spec- dustrial ophthalmology, eye problems years of service. 

a , troscopy will meet Tuesday, Novem- of school children, and medical and Arthur Cloudman, 48, senior biol- 
eh ber 1, at 8 p-m. at the Socony-Vac- social management of the glaucomas. ogist at the Argonne National Lab- 
‘Mer . i Training Center, 63 Park Row, Persons concerned with eye health oratory, died at his home August 8. 


New York City. William L. Dutton and safety may obtain details con- Dr. Cloudman was conducting ex- 


ae pt the American Cyanamid Company cerning the program by writing to periments on radiation as a possible 
*) | Bim"ill speak on semiquantitative analy- the National Society for the Preven- eause of cancerous growth. 

nes be ‘is for metals by emission spectros- tion of Blindness, 1790 Broadway, 

ad Copy. New York 19, N. Y. Reservations Bruce H. Douglas, 56, health com- 


for should be made in the near future missioner of Detroit, was killed Au- 


of CHM A National Symposium on Air with the Floridian Hotel, 540 West gust 11 in an automobile accident. 


Life, Pollution, presented by Stanford Re- Avenue, Miami Beach, Florida. Dr. Douglas was formerly professor 
peareh Institute in cooperation with and head of the Department of Pre- 
WeineG'te Calivornia Institute of Tech- The American Pharmaceutical ventive Medicine and Public Health 


* oai(ll ! , . . ° . e ° v.° . . 
diss logy, t) University of California, Association has elected the follow- at Wayne University, and past presi- 
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dent of both the Mississippi Valley 
Tuberculosis Conference and the Na- 
tional Tuberculosis Association. 


Rudolph Luneburg, 46, mathe- 
matieal physicist at the University 
of Southern California, died August 
19 of a heart attack. While a mem- 
ber of the mathematical research 
staff of the Spencer Lens Company 
of Buffalo, Dr. Luneburg contributed 
to the development of a new method 
of viewing microscopically the in- 
ternal structures of living cells, tis- 
sues, bacteria, and industrial ma- 
terial. 





A new journal, Experimental 
Cell Reseerch, is being sponsored 
by the International Society for Cell 
Biology. The editors are Térbjorn 
Caspersson, Stockholm; Honor Fell, 
Cambridge, England; John Runn 
strom, Stockholm; Francis  O. 
Schmitt, Cambridge, Massachusetts: 
Paul Weiss, Chicago; and Ralph W. 
C. Wyckoff, Bethesda, Maryland. J. 
F. Danielli, of London, will act as 
editor of communications from the 
Society for Cell Biology. Papers 
contributed by American scientists 
should be sent to the American edi- 
tors. One volume of four issues will 
be published annually by the Aea- 
demie Press, Ine., and will inelude 
studies in experimentai analysis of 
the organization, structure, and ac- 
tivity of the cell and its sub-units, 
including work on viruses, and on 
new methods in the field of experi- 
mental cytology. 


The Atomic Energy Commission 
has awarded a contract to Holmes 
and Narver, Engineers, Los Angeles, 
California, for maintenance and im- 
provement of facilities at the Atomic 
Energy Commission Proving Ground 
at Eniwetok Atoll in the Marshall 
Islands. Repairs, replacements of 
certain structures and utilities ren- 
dered useless by the tropical climate, 
and the installation of more durable 
technical facilities are planned. 


Suggestions for Science Teachers 
in Devastated Countries, a Unesco 
publication which describes how 
school laboratory equipment ean be 
constructed out of simple, inexpen- 


sive materials has been translated 
into Tai by the government of Thai- 
land. This is one phase of a Unesco 
program begun in January when 
Thailand joined the organization. 
A survey of the country has already 
been completed by a Unesco educa- 
tional mission. 


The membership of the Panel on 
the Nation’s Potential for Basic 
Research in Chemistry, National 
Research Council, for the year end- 
ing June 30, 1950, is as follows: G. 
B. Butler, L. W. Butz, W. C. John- 
son, W. R. Kirner, W. M. Latimer, 
W. A Mosher, W. J. Murphy, W. A. 
Noes, Jr., ex officio, L. H. Reyer- 
son, C. E. Waring, chairman, G. W. 
Watt. 

The panel has surveyed unem 
ployed capacity during the last two 
years. Chemists have submitted the 
titles of over 200 research projects 
which they could carry out if some 
financial assistance were provided. 
This year the panel plans to survey 
the equipment needs of colleges and 
universities, to maintain liaison with 
agencies concerned with national re- 
search programs, and to publish its 
findings more widely. 


Recently Received— 


Statistical Summary of Education, 
1945-46, by David T. Blose. (Bi- 
ennial survey of education in the 
U. S., 1944-46, Chapter 1, Federai 
Security Agency.) For sale by 
Supt. of Documents, U. 8. Govt. 
Printing Office, 
D.C. 15 cents. 

Freedom from Want: A Survey of 
the Possibilities of Meeting the 
World’s Food Needs. (Symposium 
edited by E. E. DeTurk for the 
AAAS and reprinted from Chron- 
ica Botanica.) Order from Chron- 
ica Botanica Co., Waltham, Mass., 
or Stechert-Hafner, Inc., New York 
City. $2.00. 

Anais Brasileiros de Dermatologia e 
Sifilografia. Publicacao trimestra] 
by Sociedade Brasileira de Der- 
matologia e Sifilografia, Rio de 
Janeiro, Brazil. 

The Medical Bulletin (Medicine for 
Industry). Publication of the 
Standard Oil Company of New Jer- 
sey, New York 20, N. Y. 


Washington 25, 


ae 


La Recherche Aéronautique, (Bul; 
tin bimestriel de 1’Office Nations) 
d’Btudes et de Recherches Aer, 
nautiques). O.N.E.R.A. 3, Ruy 
Léon Bonnat, Paris 16¢, Fran 

The George C. Davis Site, Cherokee 
County, Texas by H. Perry Newo) 
and Alex D. Krieger. (Memoirs 
of the Society for American 
Archaeology, No. 5). Order from 
Glenn A. Black, Treasurer, Angel 
Mounds, R. R. 3, Newburgh, Ind 
$3.50. 

tine Methode zur approximativey 
Vorausberechnung von Luftmas 
senverlagerungen by Hans Erte), 
(Sitzungsberichte der Deutschen 
Akademie der Wissenschaften 2 
Berlin, Jahrgang 1948 Nr. III) 
Akademie-Verlag, NW7, Berlin, 
Germany. 2 marks. 

Journal of the Mathematical Society 
of Japan. (Continuation of mathe 
matical section of P\ysico-Mathe 
matical Society of Japan.) Single 
copies available from Mathemati 
eal Society, Faculty of Science 
Toyko University, 
yen. 

Air Transport and Insects of Agn 
cultural Importance, by W. A. L 
David. 


Japan. 150 


Commonwealth Institute 
of Entomology, London, S. W. /, 
England. 1s. 6d. postpaid. 

Seandinavian Journal of Clinical and 
Laboratory Investigation, Vol. |, 
No. 1, 1949. (New Quarterly pub 
lication in English edited for Sean 
dinavian Society for Clinieal Chem 
istry and Clinical Physiology. 
Published by Medical Department. 
Medisinsk Fysiologisk Forening: 
Forlag, Oslo, Norway. Subserip 
tion price N. kr. 35.00. 

Ruth Fulton Benedict, A Memorial. 
Issued by Viking Fund, Inc., New 
York, N. ¥. 


Make Plans for— 


American Society for Metals, 
symposium on thermodynamics ™ 
physical metallargy, October 15-16; 
31st National Metal Congress and 
Exposition, October 17-2!, Public 


Auditorium, Cleveland, Ohiv. 


American Institute of Electric! 
Engineers, Midwest genera! meeting. 
October 17-21, Netherland Pla 
Hotel, Cincinnati, Ohio. 





